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1 bstract 
Abstract 
In this thesis the work performed on topic "physico-chemical studyies of 
biochemical/biological systems." It is difficult to explain the term 
physicochemical study in this abstract, although that an effort has been made to 
summarise the term in brief in the light of the present work. There are a number 
of researchers continuously performing these studies throughout the world 
which shows itself the importance of this work. 
hermodynamic properties of aqueous salt solutions of amino acids, 
small peptides and their derivatives, (which imitate some of the structural 
features of proteins) assist in understanding the conformational stability and 
folding behavior of global proteins. In the first part, (part A) of present thesis, 
we have studied the thermodynamic parameters density (p), viscosity ('1), 
ultrasonic velocity ( U) and their derived parameters at various temperatures 
(between 303.15 to 323.15 K), for some basic u-amino acids viz. L-lysine 
mono-hydrochloride. L-arginine and L-histidine in one molal acetate salt 
(Sodium acetate. Potassium acetate and Calcium acetate) solutions, while in the 
second part (part B) of this thesis the same study on antibiotic Quinolone drug 
( Ievotloxacin) in aqueous and in aqueous amino acid (I.-glatamic acid and L-
aspartic acid) solutions at various temperatures (between 303.15 to 3 13.1 5K). 
I )ensity is a physical property of matter, as each element and compound 
has a unique density associated with it. Density is defined in a qualitative 
manner as the measure of the relative "heaviness" of objects with a constant 
volume. The formal definition of density is mass per unit volume. The density 
helps in calculating the volumetric parameter viz, apparent molal volume ( Vpp), 
partial molal volume (V',) and hydration properties etc. All have been 
lit 
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discussed in Chapter I. 
Apparent molal volume (V4p) is known to be sensitive to interaction 
between the solute and the solvent molecules as well as to change induced in 
the solvent by the presence of solute as the solute concentration tends to zero. 
Apparent molal properties at infinite dilution known as partial molal properties 
have great importance in understanding the solute-solvent interaction in 
solution. 
A partial molal property is a thermodynamic quantity which indicates 
how an extensive property of a solution or mixture varies with changes in 
the molal composition of the mixture at constant temperature and pressure. The 
partial molar volume (V'2) is broadly understood as the contribution that a 
component of a mixture makes to the overall volume of the solution. I-lowever, there 
is rather more to it than this: 
When one mole of water is added to a large volume of water at 25 °C, 
the volume increases by 18 cm3. The molar volume of pure water would thus 
be reported as 18 cm' mol'~. I lowever, addition of one mole of water to a large 
volume of pure ethanol results in an increase in volume of only 14 cm'. The 
reason that the increase is different is that the volume occupied by a given 
number of water molecules depends upon the identity of the surrounding 
molecules. The value 14 cm' is said to be the partial molar volume of water in 
ethanol. In general, the partial molal volume of a substance X in a mixture is 
the change in volume per mole of X added to the mixture. 
Partial molal properties are known to be sensitive to the nature and 
extent of packing effects in solution induced by intermoleculariintcrionic 
interactions. 
iv 
.'1 bstract 
TI he ultrasonic velocity (U) has been determined experimentally and the 
evaluation of mechanical properties will be more useful in exploring the inlonhiatiofls 
such as physico-chemical properties. structural changes. phase changes, charge 
ordering. microstructural changes. grain size measurements etc. The ultrasonic 
velocity data as such provides little information about the nature and magnitude of the 
various intermolecular / interionic interactions, but its derived parameter-, such as 
isentropic compressibility (/3,). specific acoustic impedance (Z) and relative 
association (RA) etc. provide fruitful qualitative and quantitative inforluatiun 
regarding the nature and strength of various solute-solute and solute-solvent 
interactions responsible for the behaviour of aqueous and non aqueous solutions. 
The trends of variation of ultrasonic velocity with concentration and 
temperature discussed in detail in Chapter II depend on the equilibrium 
properties of amino acids and peptides in aqueous medium and aqueous 
electrolyte solutions. 'l'heir equilibrium properties in solution are determined by 
relative magnitude of electrostriCtton Caused by the polar terminal groups and 
the extent of interaction between ions and hydrophilic groups. 
Viscosity (>>). the third basic parameter of this thesis, has been obtained 
experimentally and discussed in the Chapter Ill of the present thesis. Viscosity 
is the measure of the resistance of a fluid which is being deformed by 
either shear stress or tensile stress. Usual term viscosity describes a fluid's 
internal resistance to flow and may be thought of as a measure of fluid friction. 
I- inally viscosity of a liquid, a measure of transfer of linear momentum down a 
velocity gradient, depends on the spacing between imaginary layers of the 
liquid and on the intermolecular% interionic forces operative in it. 
Viscometric studies have been used to draw important conclusions 
regarding protein unfolding and the extent of hydrophobic interactions of non- 
v 
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polar side chain. The viscosity and its derived parameters such as relative 
Viscosity (1/r), specific viscosity ('is,,), and intrinsic viscosity ([ri) provide 
valuable information about the size and the state of salvation laver of molecules 
in solution. 
The relative viscosity data have been analysed to obtain the viscosity B-
coefficient, which depends on the strength of solute-solvent interactions as well 
as oil the shape. size and charge of the solute molecules. The specific viscosity 
depends on concentration and characteristics of solute alone. The solute-solvent 
interaction and extent of solute hydration can also be studied in terms of 13-
coefficient of Johns-Dole equation. 
The results of thermodynamic parameters viz. density (p), viscosity (q). 
ultrasonic velocity ((1) and their derived parameters at various temperatures 
have been discussed in terms of solute-solute and solute-sol\ent interionic 
interaction and structure making/ breaking tendency of salts in all amino acid-
water-salt s' stems in part A of the thesis (Chapter I. 11 and 111). 
Life forms make use of illail\' chemical reactions to supply themselves 
recurrently with chemical energy and to use it efficiently. but by themselves 
these reaction could not occur fast enough under physiological conditions 
(aqueous solution. 37 C. p11 7. atmospheric pressure) to sustain life. That's 
\\hv in the second part of' the thesis (Part I3), Chapter IV introduces the 
phvsico-chemical studies of dire water and drug-water-amino acids system at 
physiological condition. an attempt has been made to find out the role of 
antibiotic drug With protein on increasing the dose of drug at various 
temperatures. 
All the three basic parameters viz. density (p). viscosity (ll) and 
 VI 
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ultrasonic velocity (U) of levotloxacin in aqueous and in 0.02 molal solution of 
L-aspartic acid and I.-glutamic acid have been determined experimentall) and 
are used to evaluate the values of various parameter namely, apparent molar 
volumes (6'ip), partial molal volume (V" 1. adiabatic compressibility (,B,.), B-
coetficient and hydration number (H,,) of these solutions. The results are 
interpreted in the terms of solute-solvent interaction and structure 
making. breaking tendency of solute. 
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General Introduction 
I lie physico-chemical studies play significant role in understanding 
behavior of biological/biochemical systems. The physical. chemical and 
biological behavior of biological macromolecules like proteins, nucleic acids. 
certain type of hormones, antibiotics and other biological relevant compounds 
etc. show different behavior in different aqueous systems. To explain the 
behavior of these biological molecules: one must understand the ionic solutions 
in terms of ion-water and ton-ton interactions along with the bionullccules-
water interactions and how these interactions arc altered in the presence of 
protein and other bio-molecules. These two aspects remain muster for the 
physical and biolo,gical chemists and can he well ondCrStL)Od by in\estigatin, 
the physico-chemical behavior of ionic species in biologicalibioch nlical 
s\ stems. 
1.1. Effect of electrolytes on biomolecttles: 
l he biotllolecules are composed of' one or more linear polymer chains 
each containing a number of chemically different monomers (residues) 
arranged in a particular genetically determined sequence and covalentl\ linked 
end to encl. The equilibrium conformation adopted by a given macromolecule is 
a sensitive function of residue composition. sequence and solvent environment. 
fhe number of different coil orniatioils can be divided into two major classes 
Elie conformations for which chain-chain contact, are thcrnlodvnanlicall\- 
taAored over chain-solvent contacts i.e. native coil/ol'!!lrllloll. 
?. I'he conformations in \\hlch chain-solvent contacts are preferred Icacling to 
i.e. r(1o(IO/n coil co!i/O1•nrcrtion. 
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The energetic balance between native and random coil conformations 
includes many factors like chemical restrictions built into the covalent honclinm 
of the back bone chains as well as hydrogen bonding. electrostatic interactions. 
hydrophobic bonding. London (dispersion) forces, etc. "l'he net free energy 
difference which stabilizes the native conformation against transition to other 
forms is small and can be easily overcome by relatively minor perturbations in 
the solvent environment e.g. temperature, pH, ionic strength or in the 
concentration of specific small molecular interaction. 
the important contribution to conformational properties and structural 
stabilit\ of biological macromolecules comes from effect of neutral 
electrolytes, since bio-fluids too contain mixtures of electrolytes. I he 
electrolytes, which are significantly soluble in water without bringing about a 
major change in the solution pH. affect electrostatic interactions in 
macromolecules on a simple charge shielding basis. first it vill be of' interest to 
knov\ the effect of electrolytes on different biomolecules. 
l.l.a. Effect of electrolytes on proteins: 
I he pioneering work on effect of electrolytes on proteins was carried 
out hk von 1-lippel and coworkers [ 11. They concluded that: 
i. Ions such as C104 . SCN and guanidinium. (Gn) particularly decrease the 
stability of native conformation of fibrous or globular proteins in water and are 
termed as cicstahilizers. 
ii. long such as Na. K. Nl14 . SO )2- etc. stabilize the native conformation of 
proteins. l'he effect of' electrolytes on proteins can be studied in terms of I m. 
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melting temperature of proteins. 
I he effects of various electrolytes are additive in nature. The et'ficts for 
the individual ions follow the Hoti»eister series [2]. Hagihara and Goto [3] 
studied the GnI ICI induced li~ldinyg of proteins and observed that GillICI at low 
concentrations refolds acid, unfolded apomyoglobin and C\ IochrOInC C, 
increase in Gil ICI concentration above I molar (mol 11) causes co-operative 
unfolding of' molten globule state [5]. Similar peculiar effects were also 
Observed by studying %ariou thermodynamic properties of different proteins in 
several electrolytes and mixtures of electrolytes [4-6]. 
1.1.b. Effect of electrolytes on DNA: 
DNA consists of one negatively charged phosphate group her nucleotide 
unit, the addition of small quantities of neutral electrolytes moves the transition 
temperature to high levels. approaching 100CC for DNA's of' high G—C 
uanlne-c'tosine) content. 
Ilamaguchi and Geiduschek have carried out extensive studv. On effect 
of high concentrations of uni—univalent salts on the stability of DNA helix 171. 
The electrostatic destabilization of helical forms results from intermolecular 
electrostatic repulsion between charged groups. Which form part of the 
macromolecule. Preferential binding affinity of native I)NA with cations was 
Observed to follow the series: I.i t 'Na'> K ' (Cl 13 )4 N 18. 9]. The interactions 
bet eei DNA and electrolytes range from \\eak ellect of (Cl l3),iN' to 
complete neutralization by stoichiometric site binding c.g.Mg .  affecting the 
transition temperatures of the helical coils [10-12]. 
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1.1.c. Effect of electrolytes on activity of enzymes: 
Effects of neutral salts on macromolecular structure also semi to be 
mirrored in effects on the activity of enzymes. I hese effects seem quite 
independent of enzyme type and concentration and operate over a large range 
of salt concentration. Warren and Cheatum [ 131 and Warren ct. al. 1 141 have 
published it study of effects of neutral salts on variety of enzymes, including 
InVosin 	(ATPa e), 	lactate 	dehydrogenase, 	trypsin. 	estradiol-17-(3- 
t kll\ drogenase and fumarase. Order of increasing effectiveness on anions in 
producing the inhibition of enzymes studied was: CH3COO'<CF~ NU S- < 13r 
<SCN-<C104 	and 	(Cf13),,N~<Cs- =K +-'Na+<IZb t <I.i'. 	This 	order 	of 
effectiveness as enzymes or as inhibitors of various anions and cati ii follow 
exactly 11ofmcister or lyotropic series obtained for the destabilization of the 
folded conformation of macromolecules. 
Although so many experiments have been performed to understand the 
bioumolecule-electrolr'tc-water interactions. no satisfactory explanation is 
available yet for the anomalous behavior of hiomolccules in the presence of 
electrolytes. To deduce the biomolecule—electrolyte—water interactions by 
measuring various thermodynamic properties is relatively difficult, since the 
nature and structure of biomolecules is complex. thus it is preferred to study 
properties of model compounds. 
Amino acids are the building blocks of proteins. Amino acids also 
change their physical, chemical and biological behavior in the presence ol' 
electrolyte solutions. A large number of' experimental procedures that have 
been developed to understand ion-amino acid interactions are based on 
spectroscopic probes of one sort or another. but for man\ systems there are 
-t 
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major difficulties in finding a suitable technique to monitor molecular 
interactions. The problems that arise can stern from either intrinsic insensitivity 
of spectroscopic probe or from the fact that many of the interactions of interest 
are weak. The thermodynamic methods, can offer vital information on 
molecular interactions. Thus, in order to better understand the effects of ionic 
species on amino acids in general, it will be of interest to investigate the 
thermodynamic, volumetric and transport properties like viscosity of the 
systems `ion-amino acids', and `dnie-amino acids' in aqueous medium, Some 
experimental and theoretical work has been reported on thermodynamics of 
amino acids in water and in aqueous electrolytic solutions [82-87]. Most of the 
data available are collected for amino acids in aqueous solutions, but there is 
lack of systematic data on amino acids in aqueous electrolyte solutions in full 
concentration range, at different temperatures. The information available on 
amino acids in water, in aqueous electrolytes and in drug solutions is 
summarized below. 
1.2. Thermodynamics of amino acid-water system: 
Amino acids and peptides are non-electrolytes, when dissolved in water 
they have the dipolar, zwitterionic form. The important interactions in aqueous 
amino acids are involving charged centers (COO and NI V)  and water 
molecules. Separation of COO- and NH3' groups by -CI12- groups enhances the 
intermolecular interactions involving co-spheres of charged centers and 
suppressed hydrophobic interactions due to steric reasons. A thorough literature 
survey reveals that different properties like free energy, entropy and enthalpy 
of mixing, activity, osmotic coefficients [15-29] and heat capacities [30-361 of 
aqueous a-amino acids. to-amino acids have been reported in the past. It is 
5 
Geirerul IntruHluclion 
observed that the hydration number of various amino acids in aqueous solution 
and their dependence on temperature and pressure are studied usinc apparent 
and partial molar volume. compressibility and expansibilities 137-901. Along 
with the thermodynamic properties a few reports are also available of surface 
and transport properties [81-87]. Some of the important contributions are 
discussed below. 
The knowledge of thermodynamic properties such as activity, 
coefficients for water-amino acid systems is pre-requisite to design efficient 
separation and purification processes and drying processes in food engineering 
as vvell. Many researchers [ 17. 1 S. 20. 22. and 241 investigated the solubility of 
amino acids in terms of' activity and osmotic coefficients in water. Solubility of 
amino acids as a function of temperature and pl-I was reported b\ l ichueson 
[251. Few models are also available for correlation of the activity and osmotic 
coefficients [88-98] based on UNIFAC [88] IJNIQUAC 129. 891 perturbation 
theory 190-931 and Monte Carlo method [94]. 
Millero et al. studied apparent molar volumes. 	and compressibility. 
cps; of several aqueous amino acids at 298.15 K [40]. They have also reported 
the number of water molecules bonded to the charged centers of u-amino acids 
and various group contributions towards the limiting partial molar volumes and 
compressibility. Ahluwalia and co-workers reported apparent molar volumes 
and heat capacities of amino acids at 298.15 K and noted poor additivity of 
standard partial molar quantities. which were attributed to ionization of NI 1, 
and COUH groups [31, 49 and 501. Cabani ct. al. reported the volumes. 
compressibilities. expansibilities and heat capacities of u-amino acids. o-amino 
acids and polypeptides in the temperature range of 296.15-328.I5 K 132. 52 
G 
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and 311. The volume change in the formation of zwitterionic structures are 
estimated and correlated with distance between the NH3 ' and C00 groups and 
with the nature of the chain separating them 
It was also shown that partial molar volumes of amino acids were less 
than those of neutral molecules and were found to approach those of ionic 
species of similar size. Similar studies on a and w-amino acids were also 
carried out by Chalikian et. al [47,48] and Shahidi and Farrell [43]. Shahidi and 
Farrell correlated partial molar volumes of a and w-amino acids with their van 
der Waals volumes [43J. 
Jolicoeur and Boileau discussed apparent molar volumes and heat 
capacities of glycine, alanine, serine and their oligopeptides at 298.15 K [421. 
The data were described in terms of contributions from amino acid side chains 
-CH: and —CH,OH and end group hydration effects. Yayanos reported the 
volumes and compressibility of aqueous amino acids, at 298.15 K [38, 391. The 
volume change at 1000 atm. Pressure was also reported and it was observed 
that apparent molar volume of dipolar amino acids increases with pressure. 
Adiabatic compressibility of aqueous amino acids was measured in the 
temperature range 288.15-343.15 K [46-47]. Partial compressibility of atomic 
groups was also determined as a function of temperature and p1l and was 
interpreted in terms of hydration and intra molecular interactions between 
different parts of a molecule. It was also concluded that NH3  group of glycine 
undergoes maximum hydration, while other amino acids show low hydration 
due to steric effects. 
The pH dependent volumetric study was also carried out by Rao ec Al 
7 
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foraqueous amino acids at 293. IS K. which showed that the amino acid 
species with the highest number of charges had the lowest partial molar volume 
[55-58J. Along with the amino acids J.D.Pandey et al. [65]. Igbal and Verrall 
[66J. Igbal and Mahrukh [67]. Igbal and Mansoora [681. Sheng Yun Li et al. 
[691. and Sh. Baluja et al. [70]. and others also studied thermodynamic 
properties of drug solutions in aqueous and non aqueous solvents. A detailed 
account of heat capacities of amino acids is presented by Makhatadze in it 
review 1351. 
Devine and Lowe reported the viscosity 13-coefficients for aqueous 
amino acids at 278.15 and 298.15 K [82]. Glycine and to a lesser extent [i-
alanine was found to be solvent structure-breakers. and -t-aminohttt\ rlc acid 
and 6-amino-n-heNanoic acid were found to be structure makers. 'l he N1-1; and 
Coo' groups disrupt the water structure and in glycine and (3-alanine their 
effect outweighs the structure promoting effect of -CI-1,- groups. while in 4-
aminobutvric acid and 6-aminohexanoic acid water structure enhancement by 
-Cl I, group is predominant. 
Viscosities of aqueous amino acids are also reported by many 
researchers [83-87]. A review by lark and co-worker compile the viscosity and 
B-coefficients for different amino acids ($5 (. another review recently presented 
Viscosity B coefficient and standard partial molar by I lua Zhao J 71 J. 
Levendekkers developed a thermodynamic model for partial molar volunIe and 
partial molar compressibility of amino acids in water based on Kirkwood-1 uoss 
theory 1661. 
l he thernRodvnamic. volumetric and transport properties of aqueous 
amino acids are important. as they play a key role in Understanding the effect 
General Introdnelion 
clue to ions in terms of transfer properties. 
1.3. Thermod namics of electrolyte-water system: 
inorganic salts when dissolved in water form aqueous electrolyte 
solutions. They play a significant role in chemical laboratories, industries and 
in Nature, in the form of geothermal systems and biological processes of living 
organisms. For past several years, interest in electrolyte phase equlibria has 
gro\ n significantly and numerous articles have been published in literature on 
electrolyte-I 1O system [ 100-1041. The history of thermodynamic models for 
aqueous solutions of strong electrolyte solutions have great past. The Out line 
of some important contributions are surnnlcrised below, 
In 1887, Arrhenius presented theory of electrolytic dissociation. his 
proposed method of calculating the degree of dissociation helped open the way 
For organised theoretical and experimental investigations of' electrolyte 
solutions [1001. In 1923. Debye and Mickel presented their theory of inter ionic 
attraction [99] applicable to electrolyte solutions. l'he Debye-Iliickel limiting 
la 	is valid only for eery dilute solutions of' ionic strength 0.01 mol'l:g-I or 
less. They assumes] the ions to be point charges. To overcome this limitation 
several models have been proposed. 1n 1935, Guggenheim and I urgcon 
proposed it modified version of I ebyc-I liiekel equation on the mole traction 
scale [ I011. In 1972. Bromley suggested that though the ion-solvent 
interactions were of greater importance. specific ion solvent interactions could 
he taken into account in concentrated solutions [ IO2.10 1. 
In all the above methods the ion-ion interactions are considered. while 
ion molecule and molecule-molecule interactions. \\hich are important in 
9 
General lruroduction 
solutions of weak electrolytes, were ignored 
In 1979 Chen et al. presented a new set of equations considering 
molecular and ionic species, based on a concept of local composition, to 
account for short—range interactions between all species [107]. They proposed 
that the excess Gibbs free energy and activity coefficients could be expressed 
as sum of long-range and short-range contributions, which could be taken into 
account by Debye-Htickel term and Modified Non Random Two Liquid model, 
NR I L proposed by Renon and Prausnitz [108].  
Most widely acclaimed of all these models is the Pitzer model [109]. 
Pitzer expanded the Debve—Heckel method by adding terms to account for the 
ionic strength dependence of the short—range forces effect in binary interaction. 
The working equations for activity coefficients, entropy, heat capacity and 
volumetric properties could be derived from basic Pitzer model [ 109]. 
McMillan and Mayer developed an exact theory of solutions and have 
described the thermodynamic properties of solutions in tenns of certain 
integrals of radial distribution functions [110]. It provides some definite 
information about virial expansion. 
Friedman proposed a simple statistical theory called Cluster Integral 
Expansion Theory for the quantification of interactions between like and unlike 
charged ions [all]. In order to derive the theory he used Mayer's Ionic 
Solution Theory [I12]. It has been possible to compute the excess Gibbs free 
energy of mixing in terms of contributions made by pairs, triplets, quadruplets 
and high order mixing terms. 
10 
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Numerous data are available on the thermodynamic. volumetric, surface 
and transport properties of aqueous electrolytes at different temperatures. 
pressures and compositions. Various compilations are available for the 
properties of various systems [113.114, and 115]. A detailed account of heat 
capacities, density and viscosity data of aqueous solutions of salt recently 
reported by Marc Laliberte along with W. Edward Cooper in three different 
reviews [121-123]. 
1.4. Thermodynamics of amino acid-electrolyte-water system: 
Experimental measurements and modeling of thermodynamic properties 
of amino acids are of interest to the biophysical chemists for many years. 
Literature survey shows that electrolytes can influence the thermodynamic, 
surface and transport properties of amino acids. Reports are available on 
thermodynamic properties like excess free energy, enthalpy and entropy of 
mixing. solubility, activity and osmotic coefficients and heat capacities of 
mixtures of amino acids and aqueous electrolytes. No systematic study 
however exists on the volumetric properties of amino acids in concentrated 
electrolyte solutions. 
The activity, 7 and osmotic coefficients. (p of amino acids in aqueous 
electrolytes were studied by many researchers. A study of free energy 
relationships in some amino acids—NaCI-H20 -vas studied by Schrier and 
Robinson by isopiestic vapour pressure method [116,117]. The activity 
coefficients for glycine - NaCI - H20 system was reported by Phang and Steel 
from the e.m.f measurements using cation responsive glass electrodes[ ) 1Rj-
Wadi and Singh measured the activity coefficients of DL-alanine in aqueous 
KCI or RbCI at 308 K [119]. The results indicated net attractive interactions 
Genera/ 1nuoducijQ,l 
be[ween electrolytes and D1.-alanine. Merida et. al. modified the Pitzer 
equations for amino acid-electrolyte-H2O system (I20]. the dependence of 
binary interaction parameter (amino acid-electrolyte) on both ionic strength 
and neutral species concentration was considered. 
Vera and co-workers studied acti\ity coefficients of various amino acids 
in electrolyte solutions by e.m.fl method using electrochemical cells with two 
ion selective electrodes (a cation and anion selective electrode) and a double 
junction reference electrode 1 124-133]. 
The ultrasonic velocity values along with density data can be employed 
for the computation of various thermodynamic parameters. namely adiabatic 
compressibility. and compressibility lowering etc.. which are helpful in 
knowing the nature of various interactions occurring in solution. "l hest: results 
also have been interpreted in terms of hydration of the hydrophobic and 
hydrophilic parts of amino acids. the ions strongly interact with the charged 
centres of amino acids. Due to these interactions, the electrostriction of water 
caused by charged centres of the amino acids reduces pushing the released 
water in bulk causing the volume to increase. The transfer volumes \\ere 
positive and contributions from zwv itterionic head groups and -CI 1, groups were 
rationalized on the basis of electrostatic and hydrophobic interactions between 
various groups by applying the transition state theory to the H-coefficient data 
and free energies of activation for the viscous flow [136- 1 39]. 
Partial molar heat capacities and Volumes of transfer oC some amino 
acids and peptides from water to aqueous NaCl and C'a('12 were studied by 
[that and Ahluwalia [ 134.1351. A detailed stud' of apparent molar volumes. 
coaipressibilities and retractive index of glvcine (full concentration range) in 
12 
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aqueous NaCl, KCI. KNO;  and NaNO;  (0-1 mol•kg-I concentration) at 29x.15 
K was carried out by Soto and Khoshkbarchl [ 136.137]. Apparent molar 
volumes. compressihilities and expansihilities of amino acids have been 
determined at 298.15, 308.15 and 318.15 K in aqueous 1.i. K and Cs halide 
solutions by 1-3asumallick and Mohanty [138.1 391.   The results were discussed 
in terms of Kirkwood model. Ogawa et. al. have reported apparent molar 
volumes. compressihilities and relative viscosities of amino acids in I.iCI. NaCl 
and KCI [1401. 
The transport properties in solutions are studied by measuring the 
viscosity of solutions. The viscosity measurement of mact molecules provides 
information regarding the shape and size of the molecules 1142]. The 
viscosities of eIcctrol\ to solutions were considered by f=alkenhagen and Dole 
in terms of interionic interactions in the adjacent layers of an electrolyte 
solution [ 142]. They proposed that the electrical force between ions in a 
solution tend to establish and maintain a preferred rearrangement and thus to 
stiffen the Solution. i.e. to increase its viscosity. 
Viscosity and apparent molar volumes of glycine have been reported by 
Mishra and Gautam in transition metal chloride solutions 1 141 ). All the 
electrolytes were observed to behave as structure makers or promoters in order 
of Ni >Co'= 7.rI==cu'-. Surface tensions of amino acids in 0.1 Ni NaCl were 
measured by Bull et. al. at 303.15 K [143]. Very teww' studies are available for 
the surface and transport properties of amino acids in aqueous electrolytic 
solutions. 
I frea and y11anidinit1111 salts are well known protein denaturants SO most 
of the thmnodvnamie studies of amino acids have been carried out in the 
— 	 13 
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aqueous solutions of these denaturants. When amino acids are dissolved in 
water. they show a large excess free energy. indicating that they change the 
structure of' surrounding water. Cussler Jr. reported activity coeflicient of u-
aminobut~ri.c acid—urea—H,() system by isopiestic vapour pressure 
measurements at 298.15 K [ 1441. 
Kresheck and 13ejamin reported calorimetric study of amino acids in 
aqueous urea [ 145]. The volumetric properties of amino acids in presence or 
urea or guanidiniunl salts are also studied in literature [ 146-152 J. the amino 
acids show positive transfer volumes when transferred from water to aqueous 
GnCI 1146.1 4 1. 1lakin et. al. reported apparent molar volumes and heat 
capacities of glycine and glycine peptides in concentrated urea solution 11531. 
Yan ct. al. have obtained viscosity data of amino acids in aqueous urea and 
GnCl [ 155 1. The viscosity data have also been interpreted by several workers in 
terms of Jones-Dole equation [154. 156- 1 6 1  1. they introduced 13-coefficients 
and activation parameters for the Viscous Ilow. The structure nlaking or 
breaking effect of' amino acids was studied on the basis of' dlk3,d l' values. 
Some data are also available for the thermodynamic properties of amino 
acids in the presence of aqueous sugars. Uedaira reported the activity 
coefficients of' a-amino but\vric acid and gl\ cy lglvcine in aqueous sucrose 
[ 16? J. I3hat et. al. measured densities and heat capacities of some amino acids 
and peptides in aqueous glucose [ I63].Vera and co-workers attempted to 
correlate the results using Wilson equation. with satisfactory correlation 
obtained in concentrated region  1124-1331. The model, however tail~ in dilute 
solutions. 
From the above survey, one can notice that there is lack clI'volumetric or 
14 
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viscometric data up to high concentration range of amino acids and 
electrol\ tes. No much data are available for amino acids in organic salt systems 
also. There is need of examining the effect of amino acids on the properties of 
organic salts. 
This thesis is aimed to seek the following objectives and has been 
categorized into two major parts: 
fart A: 	E'hvsico-chemical studies of few a-amino acids in organic salt 
solutions. This hart contains the following objectives: 
i) The effect of interactions of a-amino acids with acetate salts in aqueous 
solution on volumetric behavior at different temperatures. 
ii) An Ultrasonic investigation of basic u-amino acids in aqueous acetate salts 
solutions at different temperatures. 
Ili) Viscosity behaviour of a-amino acids III aqueous acetate Salt "oBttil1Is at 
diltsefit temperatures. 
Evart B:  Physico-chemical Studies of amino acids in aqueous drug Sxllltl011S. 
This part contains the following objectives: 
i) Evaluation of volumetric. viscotuctric and ultrasonic properties of drug, 
(lev olloxacin) in water and in aqueous amino acid solutions. 
17 
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2.1. Materials and Method: 
The chemicals and experimental techniques used in this thesis are 
discussed in detail in this section. 
2.2. Chemicals used: 
In the present \\ cork. \'C used ti\ C amino acids. three organic c lecirol to 
salts and a Quinolonc (andbiotte) drug. The details are as lolloww-s; 
The amino acids named I.-Ivsine monohydrochloride (=-990/6). L- 
h1stidm1e(>99%).  L-aryininc( 99%). L-aspartic acid (>99%) and L-glutamic 
acid (>99%) of analytical grade were obtained from Sisco Research 
Laboratories. (India). and the organic salts named sodium acetate; (AR), 
potassium acetate (AR) from II. Mere (India) l.td. while calcium acetate (AR) 
I'ro►►1 Quali~Uen India I.td. of (ilaxo-s1ithckme India. I'he antibiotic dru`' 
I.c' olloxacin was purchased Iron' Morepen Laboratory Ltd. l India). I hest 
chemicals were dried in a vacuum desiccator over P7O; for 72 hours before use. 
The triplicate distilled 	atcr (with the specific conductivity of 1.29- 10 " £2 
.cm ~) was used for making all the amino acids and Stock solutions. All the 
solutions \\cre stored in special airtight bottles to avoid exposure otsoli.itiois to 
air and evaporations. 
The above amino acids and salts are used to perform our work (calculation 
of' density. viscosity and ultrasonic velocity) in a number of model systems 
listed hclo\v : 
1.-I sine monohv droehloride in aqueous sodium acetate solution. 
I.-lv sine monohvdrochloride in aqueous potaSdunl acetate solution. 
I.-1 sine monoh\ drochloride in aqueous calcium acetate solution. 
LXPeriI?lental 
I.-arginine in aqueous sodium acetate solution. 
I.-arginine in aqueous potassium acetate solution. 
I.-argininc in aqueous calcium acetate solution. 
I.-histidine in aqueous sodium acetate solution. 
I.-histidine in aqueous potassium acetate solution. 
L-histidine in aqueous calcium acetate solution. 
I eeotloxacin (antibiotic Q uinolonle drug) in aqueous I,-aspartic acid 
solution. 
I.evofloxacin (antibiotic Quinolone drug) in aqueous L-glutanli.c acid 
solution. 
l'he measurements of density. viscosity and ultrasonic velocity are 
performed for the above model systems in this experimental section with the 
help of following methods: 
2.3. Measurement of Density: 
Densities of the mixed solvents and amino acid solutions were measured 
unL' a single-capillar\ calibrated pyciloiieter at different temperatures. A 
n amount of test amplc as transferred into the calibrated pycnoltletcr. 
The pvcnommeter Nv as kept for about 30 thin in a thernlo-stated water bath for 
minimising the thermal fluctuation in density. 
2.3. 1. Calibration of p cliometer: 
Pycnometer is an apparatus used 1<~r measuring the density of' it liquid. 
Single-capillary pvcnonletcr (made of Borosil glass) having a bulb With flat 
bottom capacity 	9 - 1 ft dm'. 'l'he capillary. with graduated mark. had a 
uniI0rHm bore and wa• Closed by a well-fitted `lass cap. 'l'he marks on the 
capillary \ccre calibrated using triply distilled water at different temperature. 
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The clean and dried pycnonieter was weighed and tilled xNIth tripl\ distilled 
water. Filled pvcnometer was weighed again. The mass of' (hstilied water \%as 
determined by difference of' these two masses. Then the pycnomcter \\'r~ 
immersed in paraffin bath maintained at the required temperature, and volume 
changes were recorded as a function of temperature, thus each mark of the stem 
\\ as calibrated. The densities of pure water at various required temperatures 
have been taken from literature for calibration purpose [ 11. 
From the kno\\ii values of mass and density of water, the volume 
corresponding to each mark was calibrated. To check the reproducibility of' 
calibration, the same process was repeated with different weights of' solution 
using the known ' olunle of calibrated pycnometer at each mark and mass of 
water, the densities at the required temperature were calculated. It as found 
that accuracy of' density measurement was within 0.2%. 
2.4. Measurement of Viscosity: 
The viscosities of' mixed solvent and the amino acid solutions were 
measured by using calibrated cannon-uhbelhodc type suspended level 
viscometer. t~ low time measurements were recorded in triplicate with a digital 
stop watch with an accuracy of ±0.0 s. The viscometer was kept for about 30 
min in a thereto-stated water bath to minimise the thermal Iluctuation in 
\'ISCOS h . 
2.4.1. Calibration of'cannon-ubbelhode riscometer: 
The cannon-ubbelhode viscometer consists of three parallel arnis viz. 
receiving, r11easuring and auxiliary, for forming the suspended level 
arrangement in triangular fashion. the recivving arm forms a 'U' with the 
measuring arm through a bulb '1)' . the measuring arm has two bulbs A and B. 
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The measuring arm is engraved with two marks (a and b). The two fudicial 
marks 'a' and 'b' were used on the two sides of bulb 'B' for recording the time 
of fall of the test solution. The auxiliary arm was scaled to receiving arm 
through a bulb 'C'. In between the bulb 'C' and 'B' there lies a capillary of 
appropriate dimensions. It has been designed in such a way that the center of 
gravity of the three bulbs'' A' 'l; and 'C' was aligned vertically to reduce the 
acceleration due to gravity, so that the experimental error could be minimized. 
Special feature of the suspended level viscometer was that the capillary effects 
of the two liquid surfaces were neutralized by each other. 
The calibration of viscometer was done by using triply distilled water. 
Adequate amount of distilled water was filled into the bulb 'A' to avoid any 
water bubbles being introduce into the capillary arm while fudicial bulb was 
filled. Now the viscometer was clamped in a thermostat paraffin bath for half' 
an hour to minimize thermal fluctuation. Then the distilled water was suck into 
the measuring bulb with help of vacuum pump. the time of fall of distilled 
water from upper nark 'a' to the lower [nark 'b' was recorded several times 
with a digital stop watch with an accuracy of ±O.Ols, and the mean of every 
close reading was determined at each require temperature. 
Viscosities (q) were calculated using Poiseuillc's equation: 
tl = nhpgr4t / 8LV 	(1) 
where his the height to liquid column in the viscometer, p the density of liquid, 
e the acceleration due to the gravity, r the radius of capillary of the viscometer. 
L the length of the capillary. t time fall of the test liquid of volume V. The 
expression can also be expressed as; 
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1l 	p(3t 	 (2) 
(in x\hich (i = nhgr4- 8LV). 
(3 is a constant quantity and it is the characteristic of viscometer. Its value has 
been calculated by making use of calculated values of viscosities of' distilled 
water at different temperatures. 
The accuracy of the calibrated viscometer was checked by measuring. 
the \ iscosity of distilled water at test temperatures and then comparing the 
experimental values with the reported ones. The triplicate reproducibility was 
found to be within ±0?%."I he viscosity values of' water at different 
temperatures were taken from the literature for calibration purpose 121. 
2.5. Measurement of Ultrasonic Velocity: 
the ultrasonic velocity in mixed solvent and amino acid solutions were 
Measured by Using a single-crystal variable-path multi-Ireduencv ultrasonic 
interferometer (Model: M-84. Mittal Enterprises. Delhi. India) with stainless 
steel sample cell operating at 2 MHz. The uncertainty In ultrasonic velocity 
measurement was within 0.3°%%. 
2.5.1. Jl orhinA principle of ultrasonic interferometer: 
An ultrasonic 1ntettero1lleter is a simple and direct device to determine 
the ultrasonic velocity in liquids with a high degree of accuracy. 
The principle used in measurement of' velocity (v) is based on the 
accurate determination of the wavelength (i.) in the medium. Ultrasonic waves 
of known frequency (t) are produced b\' a quartz plate fixed at the bottom cal 
the cell. I he waves reflected by a movable metallic plate are exactly a whole 
multiple of the ultrasound wavelength. Standing waves are lurmed in the 
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medium. The acoustic resonance gives rise to an electrical reaction on the 
generator. driving the quartz plate and the anode current of' the generator 
becomes maximum. 
If' the distance is now increased or decreased and the variation is exactly 
one half of' wave length (?J2) or a multiple of it, anode current again becomes 
inaxinium. From the knowledge of wavelength (i.). they velocity (v i Can he 
obtained by the relation: 
Velocity = Wavelength x Frequency 
V7= xf 
	
(3) 
1. ig. 2.5.1. Assemble of interferometer and parts of measuring cell. 
2.5.2. Description: 
ftc ultrasonic interferometer (shows in figure 2.x.1) consists of the 
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following two parts; 
✓ The high frequency generator 
✓ The measuring cell 
The high frequency generator is designed to excite the quartz plane fixed 
at the bottom of the measuring cell at its resonant frequency to generate 
ultrasonic waves in the experimental liquid in the "Measuring Cell". A 
micrometer to observe the changes in current and to controls lbr the purpose of 
sensitivity regulation and initial adjustments of micro ammeter are provided on 
the high frequency generator. 
The measuring cell is a specially designed double walled cell for 
maintaining the temperature of the liquid constant during the experiment. A 
fine micrometer screw has been provided at the top, which can lower or raise 
the reflector plate in the cell through a known distance. 
2.5.3. Adjustment of ultrasonic Interferometer: 
The instrument was adjusted in the following manner; 
✓ The cell was inserted in the square-base socket and was clamped to it by 
a screw provided on one of its sides. 
✓ The curled cap of the cell was unscrewed and removed, then the test 
solution was filled in it and the cap was screwed. 
✓ Water was circulated through the two tubes in the double walled cell in 
order to maintain the desired temperature during the experiment. 
✓ The cell was connected with a high frequency generator by coaxial cable 
provided with the instrument. 
✓ The generator was given li seconds warming up time before recording 
readings, 
✓ The sudden rise or tall in temperature of the circulated Liquid was 
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avoided to prevent the thermal shock to the quarts. crystal. 
For the initial adjustment, two knobs are provided on the high frequency 
generator. one is marked with "Adj" and other with "Gain", the knob mark 
with "Adj" was used to adjust the position of needle on the ammeter and the 
knob marked with "Gain" was used to increase the sensitivity of the 
instrument for greater deflection, The micro ammeter was used to record the 
maximum deflections by adjusting the Micrometer screw. 
2.54. 'tleasuremenl: 
(he measuring cell is connected to the output terminal of the high 
Frequency generator through a shielded cable: the cell is filled with the 
experimental liquid before switching on the generator. The ultrasonic waves 
move normal to the crystal till they are reflected back from the movable plate 
and the standing waves are formed in the liquid in between the reflector plate 
and the quartz crystal. 
('he micrometer is slowly moved till the anode current on high frequency 
generator sho\\ s a maximum. A number of maximum readings of anode current 
are passed and their 'n' is counted. l he total distance (d) thus iulo~ed b\ the 
micrometer gives the value of wavelength (?L) with the help of the following 
relation: 
d-nxX/2 	(4) 
Once the wavelength (i.) is known. the velocity (v) in the liquid can be 
calculated with help of' following relation: 
v-2 xf 	 (~) 
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2.5.5. Studrr with variation in terrrperahlire: 
IF the variation in the velocity with temperature is to be studied, water at 
various desired constant temperatures is made to circulate through the double 
walled jacket of the cell. The ripples are provided at the lower cylindrical 
portion of the cell for circulating water around the experiment liquid. 
2.5.6. Precautionts: 
✓ The generator was switched on after filling, the cell h\ the experimental 
liquid. 
✓ The experimental liquid was removed from the cell after use. 
✓ l'he micrometer was kept open at 25 man after use. 
✓ The sudden rise or tall in the temperature of circulated liquid was 
avoided to prevent thermal shock to quartz crystal. 
✓ While cleaning the cell, care was taken not to spoil or scratch the -,old 
plating on the quartz crystal. 
✓ The generator was given 1 > seconds warming up time before 
observation. 
2.5. 7. Calibration of ultrasonic interferometer: 
file interferometer was calibrated using the speed of sound of water at 
298.15 K. A cell with 2 MHz. frequency was used to measure the speed of 
sound. The cell was tilled with 7-8 ml solution and was allowed to equilibrate 
for 30 minutes before taking the readings. Average of' 10 readings was taken as 
a final value. The measured speed of sound values is accurate up to - 0.05°/a. 
The precession of sound speed based on 10 readings was calculated as ± 
0.02%. l'he ex; erimental speed of sound in water at 298.15. 308. IS. 31 8. 15 K 
were observed to be in good agreement with literature values as 1496.0 
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(1496.7). 1520.0 (1519.8), 1 536.0 (I 536.4) m s*'. respectively (values in 
parenthesis are the literature values). 
2.6. Temperature control: 
The measurements of density and viscosity, a thereto-stated paraffin 
bath were used to maintain a uniform temperature. The paraffin bath was about 
5-litres capacity in which an immersion heater (1.0 KW). an electric stirrer 
(Remi made), a check thermometer and a contact thermometer were immersed. 
A relay (Jump type Ni' 15.00. 220V 6A (GDR)) was used to control the 
variation in temperature. The thermal stability was found to be ±0.2K. 
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VOIL1metric Behavior on Interactions of GL-Amino Acids 
with Sodium Acetate, P0tabniLlI11 Acetate and Calc1LIIb 
Acetate in Aqueous Solutions 
INTRODUCTION 
Interaction of proteins with their surrounding environment plays an 
important role in their conformational characteristics. These interactions are 
mainly those between the protein molecules and the solvent ions. Most of these 
interactions, such as hydrogen bonding and electrostatic interactions have non-
covalent nature. 'l'he study of these interactions provides important insight into 
the conformational stability and folding'unfolding behavior of globular proteins 
I 1 J. In order to get a better understanding of these interactions, various low 
molecular weight model compounds. such as amino acids and peptides. have 
been studied because of the complexities of proteins and infi.asihility of direct 
thernlod\ mimic studies. 
Amino acids belong to an important family of hio-molecules. which 
serve primarily as basic building blocks of proteins. Because proteins be7ng 
fare complex molecules direct studs of protein-electrolytes interactions is 
difficult. It is therefore useful to investigate the interaction of model 
compounds such as amino acids, peptides and their deriNatives that constitute 
part of the protein structures [2-5]. Solution studies of' amino acids with their 
surrounding environment play an important role in conlinrn~ational 
characteristics of proteins. 
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A survey of the literature showed that nlanv studies on physico-chemical 
properties of amino acids have been reported. I1-151 but these studies have 
focused only on the solution behaviour of amino acids having non-polar side 
chains. Thus, it will be of significance to examine the solution behaviour of 
amino acids having polar side chains. Moreover, there are only few studies of 
the properties of amino acids in aqueous organic salt solutions, ( t 6--28] 
probably due to the complex nature of their interactions. Partial molal volumes 
and expansibilitics are known to he insightful to the nature of 11N'dration. Which 
is temperature dependent. Thus, these studies are of better help III 
characterizing the structure and properties of solutions. which gives vital 
lI1t0rW1at1oU for understanding the nature of the action of blo-molecules in the 
body. 
Kishore and Singh 1281 have studied the effect of sodium acetate. 
sodium sulphate and sodium thiocyanate on the stability of lysownle and a-
lacalhumin, and suggested that sodium acetate stabilizes these proteins. 
Robinson and Jencks 129] studied the effect of concentrated salt solutions on 
the activity coefficients of acetvltetraglvcine ethyl ester and recommended that 
the acetate and trimethylacetate ions exert salting-out effects, whereas the 
trichloroacetate ion exerts a salting-in effect on the stability of proteins. Sonic 
other workers 121. 22. 25. and 27] also have investigated the effect of sodium 
acetate and many other acetate salts on the physico-chemical properties of 
amino acids and peptides. 
Now before starting the detail of this work the author would like to 
introduce some detail about amino acids used, amino acids 
are molecules containing an amine group. a carboxylic acid group and a side 
chain that varies among different amino acids. I hese molecules contain the key 
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elements like carbon, hydrogen, oxygen, and nitrogen. These molecules are 
particularly important in biochemistry; the term alpha-amino acids have 
general formula H2NCHRCOOH, where R is an organic substituent. In an 
alpha amino acid, the amino and the carboxylate groups are attached to the 
same carbon atom, which is called the a—carbon. The various alpha amino acids 
differ in R group side chain attached to a—carbon. This side chain may vary in 
size from one amino acid to another. Common structure of amino acid is as 
follows; 
H 
N 	M  J 
M 
a 
The detail of specific amino acids (L-lysine mono hydrochloride, L-
arginine, L-histidine) and salts (Sodium acetate. Potassium acetate, Calcium 
acetate) which were used in the experimental work are elaborated one by one in 
further chapters. 
In the present work, we have studied the effect of sodium acetate 
and other members of acetate salt series named potassium acetate and calcium 
acetate on the physico-chemical properties of amino acids with charged side 
chains. Volumetric studies of I.-lysine mono hydrochloride, L-arginine and L-
histidine have been carried out in aqueous solutions of sodium acetate (SA), 
potassium acetate (PA) and calcium acetate (CA). Apparent molal volumes of 
these amino acids in aqueous solutions of SA, PA, and CA at 303.15, 308.15, 
313.15, 318.15, and 323.15 K have been determined from density 
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measurements. from these data partial molal volume and transfer volume have 
been calculated. These parameters are discussed in terms of , Various 
interactions exist in these solutions with particular concern on the polar and 
charged side chains of these amino acids. 
RESULTS AND DISCUSSION 
File density (p)) of amino acids in water and in aqueous solutions of' 
sodium acetate (SA). potassium acetate (PA) and calcium acetate (CA) at 
303.15. 308.15. 313.15. 318.15 and 323.15 K has been calculated 
experimentally, results given in "fable 1.1(a to 1). the density results are found 
to depend on function of concentration at all temperatures. The density value 
decrease on increase of temperature and increases \v ith increase of 
concentration shown in Figure I.1(a to I). It is important to mention here that 
sodium acetate, potassium acetate and calcium acetate are salts of weak acids 
and strong bases, and undergo hydrolysis to give basic solutions. The density 
values of aqueous solution of I molal (lllc)I•kg ~) SA found (1 .03449. I.113186 
and 1.0272) I0" kg•m-' . literature [34.35] values are (1.0347 , 1.03156 and 
1.02723) 10" kg•m-' and for PA densities at I mol•kg' were found (1.04099, 
1.03815. and 1.0335) 10-' kg•m" , literature 1361 values are (1.04151. 1.03802 
and 1.03389) 10'3kg•m-' at (298.1-5. 308.15 and 318.15) K respectively. 
The density values were used to calculate the apparent molal volume.  
ith the help of following equation: 
vo 	_ 	(.fit') - 110' (p —n0) ' (m. p.,),))1 	 (I )  
where 11 and in are the molar mass of solute and molality (niol-La") of the 
amino acids respectively. p) and p, are the densities of solution (amino acids i- 
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Tah/e1.l.a. Densi4' (p/l;•cni ;) of L-Lysine mono hydrochloride in ivaler as a 
functions of cone. al T = (303.15 to 323.1 i) K. 
in / 	 Temperature / K 
(11101 /- -1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 0.9956 0.9940 0.9922 0.9902 0.9880 
0.0302 0.9976 0.9957 0.9939 0.9922 0.9897 
0.0606 0.9990 0.9974 0.9961 0.9936 0.9908 
0.0913 1.0007 0.9995 0.9973 0.9953 0.9931 
0.1224 1.0024 1.0008 0.9990 0.9970 0.9948 
0.1536 1.0041 1.0025 1.0007 0.9987 0.9964 
Trrh/el.1.h. Densitti (pi •cnr ~) of L-Lysine 1t1ot10 hydrochloride in 11110/(t/ 
aqueous solution of SA stilt as a fuicliole of cone. at T = (303.15 to 323.15) 
K. 
in / 	 Temperature / K 
(11101•kg-1) 	303.15 	3(18.15 	313.15 	318.15 	323.15 
0.0000 1.0329 1.0318 1.0293 1.0275 1.0254 
0.0291 1.0344 1.0333 1.0311 1.0289 1.0269 
0.0584 1.036 3 1.0344 1.0322 1.0304 I.0279 
0.0880 1.0373 1.0 362 1.0337 1.0319 1.0301 
0.1181 1.0388 1.0377 1.0352 1.0344 1.0313 
0.1480 1.0402 1.0391 1.0367 1.0349 1.0 32 7 
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Table 1. I.e. Density (p/n -e»i ') of L-Lsine ,,,onto lildroc/rloride in I molal 
aqueous solution of' PA salt as a function of cone. at T = (303.15 to 323.13) 
K. 
in / Temperature / K 
(1»ol •k; ') 303.15 308.15 313.15 318.15 323.15 
0.0000 1.0397 1.0381 1.0361 1.0335 1.0320 
0.0289 1.0411 1.039-5 1.0375 1.0349 1.0328 
0.0580 1.0424 1.0402 1.0388 1.0368 1.03-17 
0.0879 1.0428 1.0422 1.0402 1.0376 1.0361 
0.1173 1.0452 1.0436 1.0422 1.0390 1.0375 
0.1470 1.0465 1.0452 1.0429 1.0403 1.0388 
Table 1.1.d. De,tsit)} (p/g•cni ?) of L-Lysine mono hydrochloride in I molal 
urlueous solution of Cl salt as a function of cone. at T = (303.15 to 3 23.15) 
K. 
»1 /' 
	
Temperature / K 
(a►ol-kg-') 	303.15 
	
308.15 	313.13 	318.15 
	
323.15 
0.0000 1.0751 1.0732 1.0716 1.0693 1.0671 
0.0281 1.0764 1.0741 1.0725 1.0702 1.0680 
0.0564 1.0768 1.0749 1.0733 1.0710 1.0688 
0.0850 1.0777 1.07 	8 1.0742 1.0719 1.0692 
0.1141 1.0786 1.0767 1.0751 1.0732 1.0706 
0.1429 1.0794 1.0780 1.0760 1.0716 1 .0714 
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Table 1.l.e. Density (p/gent') of L- Arginine in water as a function of conc. 
atT=(303.15to323.15)K. 
in / Temperature / K 
(mol•kg4) 303.15 308.15 313.15 318.15 323.15 
0.0000 0.9956 0.9940 0.9922 0.9902 0.9880 
0.0302 0.9966 0.9955 0.9937 0.9922 0.9895 
0,0607 0.9981 0.9974 0.9949 0.9932 0.9916 
0.0914 1.0001 0.9985 0.9967 0.9947 0.9925 
0.1220 1.0015 0.9995 0.9986 0.9961 0.9939 
0.1533 1.0030 1.0014 0.9996 0.9976 0.9954 
Table 1.Lf. Density (p/g•cni `) of L-Arginine in I molal aqueous 
SA sail as afunclion of cone. at T = (303.15/v 323.15) X. 
solulion of 
m / Temperature / K 
(mo!•kg r) 303.15 308.15 313.15 318.15 323.15 
0.0000 1.0329 1.0318 1.0293 1.0275 1.0254 
0.0291 1.0342 1.0331 1.0313 1.0294 1,0271 
0.0585 1.0355 1.0344 1.0319 1.0301 1.0279 
0.0882 1.0375 1.0357 1.0332 1,0314 1.0287 
0.1179 [.0381 1.0365 1.0344 10328 1.0305 
0.1478 1.0393 1.0382 1.0357 1.0339 1.0318 
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Table 1.1.x;. Density (p, ci,r ;) of L-tl rginine in I ,,to/al aqueous solution of 
P.-1 salt as a function of cone. at T = (303.15 to 323.15) K. 
m / 	 Temperature / K 
(rnol•k/;-f ) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.0397 1.0381 1.0361 1.0335 1.0320 
0.0289 1.0409 I.0 393 1.0 37 3 1.0353 I.03 31 
0.0581 1.0420 1.0404 1.0384 1.0358 1.0336 
0.0874 1.0432 1.0415 1.0389 1.0370 .0355  
0.1171 1.0449 1.0422 1.0408 (.0382 1.0367 
0.1471 1.0454 1.0438 1.0419 1.0393 1.0385  
itihie 1.1.1;. Uettsit (pi •cni) of L-.irgitritie in 1 tuolsr1 aqueous solutiu►t of 
C.1 salt as a f ttictio» of cane. at T = (303.1 S to 323. 15) K. 
--- - itr / 	 Temperature / K - -- -- 
(1u0l •kri-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.0751 1.0732 1.0716 1.0693 1.0671 
0.0281 1.0760 1.0741 1.0725 1.0702 1.0680 
0.0565 1.0768 1.07.19 1.0733 1.0710 1.0691 
0.0852 1.0783 1.0758 1.0742 1.0723 1.0697 
0.1139 1.0786 1.0773 1.0745 1.0727 1.0705 
0.1428 1.0793 1.0775 1.0758 1.0733 1.0713 
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lab/el. 1.1.  Densitrx (p//•cm»*;) of L-tlistidi,te in water as a f iinctim of colic. at 
T = (303.15 to 323.15) K. 
in / 	 Temperature / K -- --- - 	- - - 
01101•kg"') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 0.9956 0.9940 0.9922 0.9902 0.9880 
0.0303 0.9973 0.9957 0.9939 0.9923 0.9897 
0.0606 0.9997 0.9980 0.9955 0.9935 0.9905 
0.0913 1.0006 0.9990 0.9976 0.9944 0.9930 
0.1221 1.0022 1.0006 0.9988 0.9968 0,9950 
0.1526 1.0038 1.0022 1.0004 0.9984 0.9962 
Tablel.l.j. De,rsitvv (p/l;•cni ;) of L-Ilistidine in I mo/al aqueous• .solution: of 
S.-1 salt as a function of cunt•. at T = (303.15 to 323.15) K. 
in / 	 Temiperatiirte / K 
(mol•k,- ') 	303.15 	308.15 	313.15 	3/8.15 	323.15 
0.0000 1.0329 1.0318 1.0293 1.027 1.0254 
0.0291 1.0343 1.0333 1.0307 1.0289 1.0262 
0.0585 1.0360 1.0339 1.0317 1.0302 1.0281 
0.0879 1.0372 1.039 1.0339 1.0322 1.0294 
0.1176 1.0386 1.0373 1.0348 1.0330 1.0308 
0.1474 1.0400 1.0387 1.0361 1.0343 1.0321 
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Table].1.A. De,,sitti ,  (p/g-cm-';) of L-Ilistidine in I molal aqueous solutions of 
PA salt as a f!ll1ct!O11 0/cone. at T = (303.15 to 323.15) K. 
in / Temperature / K --- - 
(►mtol-ka-1) 303.15 308.15 313.15 318.15 323.15 
0.0000 1.0397 1.0381 1.0361 1.0335 1.0 320 
0.0289 1.0410 1.0394 1.0374 1.0348 1.0324 
0.0580 1.0423 1.0407 1.0379 I .0360 1.0345 
0.0875 1.0435 1.0.123 1.0399 1.0381 1.0358 
0.1168 1.0448 1.0432 1.0412 1.0386 1.0371 
0.1463 1.0466 1.0444 1.0424 1.0398 1.0383 
Tablel.1.1. De,tsily (p/1; cin' ;) of L-Histidi,ie in 1 molal aqueous solution of 
Cl .salt as a function of cone. at T= (303.15 to 3 23.15) K. 
in / 	 Temperature / K 
(111ol-kg-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.0751 1.0732 1.0716 1.0693 1.0671 
0.0280 1.0758 1.0734 1.0723 1.0699 I.0678 
0.0563 1.0770 1.0746 1.0725 1.0706 1.0685 
0.0850 1.0772 1.0753 1.0737 1.0718 1.0687 
0.1132 1.0778 1.0759 1.0743 1.0719 1.0698 
0.1415 1.0785 1.0766 1.0750 1.0726 1.0705 
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Fig. 1.1. a Density of L-Lysine mono hydrochloride in water as a function of 
cone at T = (303.15 to 323.15) K. 
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Fig. 1.1. b. Density of L-Lysine mono hydrochloride in I molal aqueous 
solution of SA salt as a function of cons. at T = (303.15 to 323.15) K. 
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Fig. 1.1.a Density of L-Lysine mono hydrochloride in 1 mob! aqueous 
solution of PA salt as afunction of conc. at T = (303.15 to 323.15) K. 
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Fig. 1.1. d Density of L-Lysine mono hydrochloride in I molal aqueous 
solution of CA salt as afunction of conc. at T = (303.15 to 323.15) K.  
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Fig. 1.1.e. Density of L-Arginine in aqueous solution as afunction of cone 
at T = (303.15 to 323.15) K. 
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Fig. 1.I.f. Density of L-Arginine in 1 molal aqueous solution of SA salt as a 
function of conc. at T = (303.15 to 323.15) K. 
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Fig. 1.1.g. Density of L-Arginine in 1 molal aqueous solution of PA salt as a 
function of cone. at T = (303.15 to 323.15) K. 
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Fig. 1.1. h. Density of L-Arginine in I molal aqueous solution of SA salt as a 
function of conc. at T = (303.15 to 323.15) K. 
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Fig. 1.1.L Density of L-Histidine in water as a function of conc. at T = 
(303.15 to 323.15) K. 
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function of conc. at T = (303.15 to 323.15) K. 
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function of cone. at T = (303.15 to 323.15) K.  
MY 
Volumetric behavior on Interactions of a-.4in/no /kirk ......! 
solvent) and the solvent (water + sodium acetate or potassium acetate or 
calcium acetate or water), respectively 
The computed values of apparent molal volume are shown in Tablel.2 
(a to I). The result of apparent molal volume amino acid shows the interaction 
with the salt used. The apparent molal volume values of L-lysine mono 
hydrochloride are higher than that of L-arginine and 1-histidine and the 
interaction with CA is more than SA and PA salts as like density. these values 
also increase with increase of concentration and decrease with increase of 
temperature. This is clearly shown in plot between resultant values and 
concentration at given temperatures. (In figure I.2.a to 1.2.1) 
The apparent molal volume at infinite dilution. (V',), (that has the 
saute meaning as the standard partial molal volume) has also been calculated 
with the help of finite dilution apparent molal volume values by the method of 
least squares on using Masson's empirical relation as; 
Vw = V'2 - S, m 	 ( 2 ) 
where P", is the apparent molal volume at infinite dilution and S, is the 
experimental slope. The values are mentioned in Table 1.3.a 
1'he V'2 value of L-lysine mono hydrochloride in aqueous solution at 
318.15K has been found to be 126,43 (+ 0.03) m'-moT* literature value [31] 
126.35 (± 0.01) m'•moF'. The V', value of L-arginine in aqueous solution at 
299.ISK has been found 12392 ( 0±12) m'•inol', literature values [17. 32 
and 33] are 123.72 (±0.10)123.70 (t 0.10) and 127.34 (± 0.12) m'-mol' while 
in L-histidine V'2 values of in aqueous solution at 308.15K has been found 
99.67 (+ 0.04) m'•mof' and reported value in literature [31] is I00.U7 
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Table 1.2.a. Apparent molal volume (V Q,/cn: ;•nror') of L-Lt.sine i?roiio 
/hydrochloride in renter as a function of cone. (mol•k ') III T = (303. 15 to 
323.15) K. 
111 / 	 Temperature / K 	- - 
(mnrol•k -1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0302 126.377 126.487 126.614 126.735 126.905 
0.0606 126.422 126.534 126.660 126.80() 126.954 
0.0913 126.4 54 126.566 126.693 126.855 126.988 
0.1224 126.545 126.657 126.754 126.925 127.080 
0.1536 126.582 126.720 126.787 126.974 127.135 
Table 1.2.h. Apparent iuolal volume (V,p/c►tt~•»rof') of L-1,ywine mono 
/II•c/roc•/I/ori(!e i» 111tolul aqueous solution of SA salt us (If  unctions o/ Cuhc•. ut 
T = (303.15 to3?3./5) K. 
in / 	 Temperature / K 
(mo1•k;-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 128.100 128.240 128.609 128.847 i 29.150 
0.0584 128.37(1 128.555 128.751 129.022 129.380 
0.0880 128.557 128.857 128.946 129.131) 129.700 
0.1181 128.787 129.034 129.069 129.252 129.865 
0.1480 129.170 129.420 129.327 129.420 110.070 
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Table 1. 2.c. Apparent molal voltage (V11/cm;•»rof 1) of' L-Line mono 
hydrochloride in I molal aqueous solution PA salt as a function of colic. at T 
= (303.15 to 323.15) K. 
in / 	 Temperature / K 
(zrrol•trg-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 130.470 130.600 130.983 131.240 131.300 
ft 058() 130.824 131.118 131.284 131.730 131.760 
0.0879 131.006 131.460 131.521 132.000 131.973 
0.1173 131.205 131.738 131.908 132.128 132.170 
0.1470 131.633 132.130 132.005 132.549 132.300 
Table: 1.2.d. Apparent molal volume (L',,/cm,»or') of L-1.rine ,norm 
hydrochloride in I ji:o/aI aqueous solution of (I salt as a Jrurclian of conc. 
at T = (303.15 to 323.15) K.  
in / 	 Temperature / K 
(nrnl•k,-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0281 141.880 141.950 142.435 142.760 142.910 
0.0564 142.196 142.370 142.569 142.816 1.1.3.209 
0.0850 142.361 142.564 142.736 142.983 143.325 
0.1 141 142.656 142.706 142.878 143.204 143.520 
0.1429 142.791 143.000 143.045 143.300 143.640 
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Table 	1.2.e. Apparent mob! volume (V4,/cm'•W,oT') of L-,-1rgiiiisrc in ►valcr 
US ti function of cone. at T = (303.15 to 323.15) K. 
in / Temperature / K 
(rrrol'/t -1) 303.15 308.15 313.15 318.15 323.15 
0.0302 123.980 124.110 124.490 124.600 124.720 
0.0607 124.732 124.800 124.980 125.138 124.304 
0.0914 124.735 125.000 12 5.290 12 5.440 12 5.62() 
0.1220 125.560 125.560 125.698 125.851 126.020 
0.1533 126.005 126.129 126.269 126.425 126.597 
Ttiblel.2. f. I pparent rrrolu! volrurre (l ,,/c,n moll) of L-.1 rtiinirre in 1 1aolr1l 
aqueous solution of SA snit as a function of cone. at 7' = (303.15 to 323.15) 
K. 
in / 	 Temperature / K 
(nrol•k;-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 125.973 126.500 126.914 127.062 127.235 
0.0585 126.352 126.710 126.970 127.118 127.455 
0.0882 126.513 126.817 127.023 127.172 127.563 
0.1179 126.673 126.924 127.131 127.280 127.699 
0.1478 126.954 127.045 127.252 127.402 127.903 
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Table 1.2.g. Apparent mo/al volume (V,/cm'-mou) of L-Arltinine in 1 molnI 
aqueous solution of PA sail as u feuiction of conc. at T = (303.15 to 323.15) 
K. 
ml Temperature / K 
(nol•kg-1) 303.15 308.15 313.15 318.15 323.15 
0.0289 128.987 129.120 129.310 129.550 129.800 
0.0581 129.357 129.497 129.673 129.741 129.873 
0.0874 129.530 129.777 129.848 130.079 130.212 
0.1 171 129.831 129.973 130.151 130.383 130.517 
0.1471 130.026 130.489 130.669 130.710 130.680 
Table 1.2.h. AI pparent nrolal volume (V /cui inol t ) of L-Arginine in l molal 
aqueous solution of CA salts as a function of cone. at T = (303.15 to 323.15) 
K. 
m/ 
	
Temperature / K 
(mol•kg-1) 	303.15 
	
308.15 	313.15 	318.15 	323.15 
0.0281 134.209 134.209 134.556 134.785 135.052 
0.0565 134.551 134.640 134.901 135.132 135.353 
0.0852 134.789 134.082 135.347 135.579 135.803 
0.1139 135.290 135.352 135.746 135.980 136.205 
0.1428 I36.050 136.600 135.900 136.360 136.878 
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Table 1.2.t Apparent molal volume (V,,1cnt i.mof 1) ofL-Histidine in water as 
a Jinrction of cone.) at T= (303.15 to 323.15) K. 
m / 
(mol•kg-1) 303.15 308.15 
Temperature /K 
313.15 318.15 323.15 
0.0303 99.073 99.142 99218 99.303 99.390 
0.0606 99.630 99.760 99.800 99.840 99,980 
0.0913 100.093 100.165 100.245 100.335 100.433 
0.1221 100.645 100.719 100.802 100.893 100.994 
0.1526 100.804 100.878 100.961 101.054 101.156 
Table 1.2.j. Apparent rrmla! volume (Vo/cm3•tnof') of L-Kistidine in I inn/al 
aqueous solution of SA salt as a function of cone. at T = (303.15 to 323.15) 
K. 
in / 	 Temperature / K 
(nil-Ag-1) 303.15 308.15 313.15 318.15 323.15 
0.0291 103.488 104.500 105.190 105.800 106.640 
0.0585 103.640 104.950 105.279 105.897 106.735 
0.0879 103.829 105.150 105.537 106.002 106.850 
0.1176 103.972 105410 105.790 106.060 106.982 
0.1474 104.054 105.740 105.920 106.180 107,080 
56 
Volumetric behavior on Interactions of'c-~I »iiiw Acids ......! 
Table 1.2.k.: apparent urolal volume (Vrr/cv3•rrorl) of L-Ilistidi,re in / 11101(11 
aqueous solution of P.-1 suit as a function of cone. tit 7' = (303. l5 to 323.15) 
K. 
m/ 
	
Temperature / K 
(rnro!•A -1) 	303.15 
	
308.15 	313.15 
	
318.15 	323.15 
0.0289 106.300 107.170 107.716 108.333 109.210 
0.0580 107.100 107.500 108.047 108.490 109.432 
0.0875 107.560 107.914 108.363 108.590 109.682 
0.1168 109.071 108.254 108.544 108.682 109.795 
0.1463 108.470 108.525 108.720 108.760 109.925 
Table 1.2.1. .apparent mule! volume (p'd,/ei;r;•rrof') of L-Ilislidine in I r,aolal 
aqueous solution of Cl salts as a f unction of cone. at T = (303. l5 to 323.15) 
K. 
--- 1?t /  	 Tentherrrtrrre / K 	- 	- ---- 
(mol•%;"') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0290 121.700 122.550 123.340 123.942 124.789 
0.0563 122.420 122.826 123.600 124.054 124.840 
0.0850 122.706 122.885 123.720 124.148 124.930 
0.113' 122.989 123.013 123.970 124.189 1247.000 
1 ).1415 123.320 12-3.324 124.230 124.298 125.101 
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Fig. 1.2. a. Apparent molal volume (VV) of L-lysine mono hydrochloride in 
water as a function of conc. at T = (303.15 to 323.15) K. 
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Fig. 1.2.b. Apparent molal volume (Vo) of L-lysine mono hydrochloride in I 
molal aqueous solution of SA as a function of cone at T = (303.15 to 323.15) 
K. 
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Fig. 1.2.c. Apparent mobil volume (V,) of L-lysine mono hydrochloride in I 
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Fig. 1.2.1. Apparent molal volume (V.) of L-lysine mono hydrochloride in 1 molal 
aqueous solution of CA as afunction of conc. at T = (303.15 to 323.15) K 
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Fig. 1.2 j. Apparent molal volume (V,) of L-Histidine in aqueous solution of 
SA as a function of conc. at T = (303.15 to 323.15) K. 
Volumetric behavior on Interactions of a-Amino Acids ......: 
110.6 
109.9 
109.2 
108.5 
E 107.8 
107.1 
106.41 
105.7 + I 	ITT 
0 0.03 0.06 0.09 0.12 0.15 0.18 
m ImAkg 
• 303,15K • 308.15K £313.15K x318.15K • 323.15K 
Fig. 1.2.k. Apparent molal volume (V•) of L-Histidine in aqueous solution of 
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Fig. 1.22 Apparent molal volume (Ve) of L-Histldine in aqueous solution of 
CA as afunction of cone at T = (303.15 to 323.15) K. 
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(i 0.03) nl3'mol''. To the best of our knowledge. this is the first report on 
volumetric data of these amino acids in aqueous organic salt solutions. 
l he V', values for the studied amino acids increase with increase in co-
solute concentrations and temperature (shown in figure 1.3.a-c). From a 
comparison of the V"' values for the studied amino acids in sodium acetate, 
potassium acetate and calcium acetate solutions, it is Found that these values 
increase in the order of' SA<PA< CA for all the amino acids studied. Presently 
observed V"_ values are also higher \s ith various co-solutes in cOmparison to its 
Values in water. It is interesting that the increase in V', values of L-lvsine mono 
h\ drochloritie and I .-arg1nine in the presence of SA and PA are ver\ small as 
compared with CA. Increase in V, values is almost linear with concentration. 
l he transfer volume. (A V,,.) is difference of apparent nlolal volume at 
infinite dilution in solution and in aqueous medium, this parameter can also 
be discussed in terns of volumetric behaviour and calculated with the help of 
following equation: 
V', (in solutions) 	V',(in water) 	(3) 
l'he resultant values of transfer volume. (A V,,.) are summaricd in Table 
1.4.b. The co-sphere overlap model [371 can be utilized to rationalize the A V,,. 
values in terms of solute co-solute interactions. "l'he overlap of co-solute ions 
and amino acids comes into play because of' interactions between: (i) the (-
NI-1, CO( )) charged ends of' amino acids and ions of the co-solute I S.A. PA. 
or CA): (ii) the hydrophobic parts of the amino acids and co-solute ions. and 
the charged ends'hvdroplilic parts and the hydrophobic parts of the co-solutes: 
and (iii) the hydrophobic parts of the amino acids and hydrophobic parts of' 
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Table 1.3.a. Partial molal volume (V", /cm;•mof') of' L-Lhsine mono 
b•(1roeh1oride, L-:-Lrginine, L-Histithne in water and ill I i11olal aqueous 
solution of SA, PA, ('I salts as a function of Temperature (1) IT = ('303.15 to 
323.15) K). 
nt 	 Temperature / K 
1 l,ro1 kl; l 	303.15 	308.15 	313.15 	318.15 	323.15 
L-Ll'sine mono It,bdroeIrloride 
.-Iqs 125.53 125.61 126.04 126.31 126.52 
L f 127.84 127.97 128.42 128.70 128.94 
P.4 130.22 130.31 130.75 131.03 l31.25  
(4-1 14I.7() 141.81 142.28 142.58 142.80 
L-,1 r inine 
lqs 123.82 124.05 14.16 124.25 124.33 
5.1 125.74 125.98 126.29 126.44 126.65 
1.4 128.47 128.74 129.11 129.31 129.65 
C i 133.66 133.92 134.24 134.38 134.52 
L-Ilistidine 
1gs 98.78 99.67 100.35 101.06 101.86 
54 103.36 104.27 104.96 105.71 106.52 
V1 105.92 106.84 107.53 108.26 109.07 
C./1 121.49 122.40 123.13 123.87 124.70  
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Fig. 1.3.a. Partial molal volume (V,) of L-Lysine mono hydrochloride in water 
and in I molal aqueous solution of SA, PA, and CA salts as a function of 
Temperature (TA 
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Fig. 1.3.b. Partial nwlal volume (V2) of L-Arginlne in water and in I molal 
aqueous solution of SA, PA, and CA salts as a function of Temperature (1). 
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Fig. 1.3.c. Partial molal volume (V2) of L-Histidine in water and in 1 molal 
aqueous solution of SA, PA, and CA salts as a function of Temperature (T). 
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ions of co-solutes. 
Ion-ion interactions result in positive J V,,, values, whereas ion-
hydrophobic and hydrophobic-hydrophobic group interactions result in negative 
.\V1, values according to the co-sphere model 137]. The present study observed higher 
\', values for amino acids in various co-solutes as compared with their values in 
water which suggest that ion-ion interactions dominate the ion-hydrophobic and 
hydrophobic-hydrophobic interactions. (Shown in Figure I.3.a-c) 
Similar results have also been observed by several workers 121-2-S1 with 
the other salts. The large increase in V'2 values observed for these amino acids. 
as compared to amino acids with a non-polar side chain in the presence of co-
solutes. can be attributed to the combined eft-ect of the (-NI 1; '. COO ) groups 
of amino acids and the polar Side chains present in basic amino acids. 
l he overall results observed in this work can be thought of as 
predominant interaction contributions of types (i) and (ii) relative to (iii). This 
conclusion supports our results 01' the standard partial molal volumes. The 
transfer parameter, A V1, (results shown in Table I.4.b)for the amino acids 
studied here showed that the dehydration effect of C:a+2 is more than that of Na" 
and K ' ions (shown in figure l .4.a-c). ' he stabilization effect of cations on the 
amino acids also appears in the same order as in the IIntn1dster series reported 
earlier 1381. 
CONCLUASION 
In the present 	the partial meal vlurm.. utppa;ent molal volume and 
transfer volume of acidic amino acids used in aqueous solutions of' sodium acetate. 
potassium acetate and calcium1 acetate %\'ere Obtained by density measurements at 
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Table 1. 7.b. Standard tra,tsfer 171olr11 volume (d V,,. /cin'.moT') of L-Llsi,,e 
moilO l drochloride, L-clrginine, L-1Iistidine in water and in / molal 
aqueous solution of Si, PA, and C.I salts as a fiuctiDfir of Temperature (T). 
in 	 Temperature / K 
~nul k, 1 	303.15 	 303.15 	 303.15 
L-Lysi»e mono hydrochloride 
Si 	2.31 	2.36 	2.38 	2.39 	2.42 
Psi 	4.69 	4.70 	4.71 	4.72 	4.73 
C11 	16.17 	16.21 	16.24 	16.27 	16.28 
L- l rgittine 
Si 	1.92 	1.93 	2.13 	2.19 	2.32 
P.1 	4.65 	4.69 	4.95 	5.06 	5.32 
CI 	9.84 	9.87 	10.08 	10.13 	10.21 
L-Histidine 
S-1 	4.58 	4.60 	4.61 	4.65 	4.66 
P.-1 	7.14 	7.17 	7.18 	7.20 	7.21 
CI 	22.71 	22.73 	22.78 	22.81 	22.83 
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Fig. 1.4.a. Standard transfer mold l volume (AV,/cm'•mot') of L-Lysine mono 
hydrochloride in water and 1 molal aqueous solution of SA, PA, CA salts as a 
function of Temperature (T). 
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Fig. 1.4.b. Standard transfer nwlal volume (A V„/cnc'•mof') of L-Arginine in water 
and I nwlal aqueous solution of SA, PA, CA salts as a function of Temperature (T). 
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Fig: L4.c. Standard transfer molal volume (AV fr/cm3•mot') ofVllistidine in 
water and I molal aqueous solution of SA, PA, CA salts as a function of 
Temperature (T). 
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temperatures (303.15. 308.1 5, 313.15. 318.15 and 323.15) K. High V'2 values 
observed for amino acids in the studied co-solutes suggest that ion charged 
group interactions dominate over ion-non-polar group interactions in all of the 
co-solutes. 1.-I sine mono hydrochloride interacts more strongly in these co-
solute solutions as compared to L-histidine and L-arginine. The reported value 
sho\\s that the dehydration effect of Ca'2 is more than that of Na+ and K on 
these amino acids. 
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l., ltrasonic Study of Basic ct-Amino Acids in Different 
Acetate Salt Solutions at Different Temperatures 
INTRODUCTION 
In recent years. the studies of acoustical properties of aqueous mixed 
electrolytic solutions have been found to be useful in ontlerstantliWg the specific 
ion-ion and ion-solvent interaction in solutions. A number of researchers have 
employed the ultrasonic technique to evaluate the thermodynamic properties of 
amino acids (1-8], peptides 19-11 ] and proteins 112-131. "l'he accurate 
measurement of density. viscosity, ultrasonic velocity and hence the derived 
parameters such as adiabatic compressibility. .apparent molal compressibility 
and apparent molal volume will give significant Information regarding the state 
of affairs in a solution. Such studies on binary electrolytes have been made by 
many researchers 114-161. 
FIo vever, ultrasonic velocity studies on ternary electrolyte solutions 
have not received as much attention as that of' binary electrolyte solutions [ 17-
181. Since physico-chemical studies of binary electrolyte solutions can not he 
so useful to get a definite conclusion regarding the structural properties and the 
type of interaction involved, the study of ternary electrolytes is gaining much 
importance now-a-days. Ionic association and electrostatic interactions are the 
prime factors that must he considered in these electrolytes. Various types of 
interactions exist between the ions in these solutions and of these. ion-ion and 
Ion-solvent interactions are of current interest. 1 hese Interactions help In better 
understanding of the various types of' solute and solvent. i.e.whether the added 
; 
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solute modifies or distorts the structure of the solvent. 
Ultrasonic velocity data as such provides limited information about the 
nature and the relative strengths of various types of interactions but its derived 
parameters, viz., isentropic compressibility, change in isentropic 
compressibility, relative change in isentropic compressibility, specific acoustic 
impedance and relative association provide an information about the extent of 
various types of interactions responsible for the behavior of pure liquids and of 
solutions. 
In the earlier chapter amino acids in general were discussed, now the 
specific amino acid used in the practical work, namely named L-lysine mono 
hydrochloride, L-arginine and L-histidine, are discussed as follows; 
L-Lysine mono hydrochloride; 
Lysine (IUPAC name 2, 6-diaminohexanoic acid, abbreviated 
as Lys or K) 	is 	an 	a-amino 	acid with 	the chemical 	formula 
HO2CCH(NH2)(CH2)4NH2. This amino acid is an essential amino acid, i.e. 
humans cannot synthesize it. Its codons are AAA and AAG. 
pKO - '0., 
GNH3 
CHz 
NCH, 
cH2 
YI 
CHa 
-CH—C_-0 
Lysine is basically alanine with a propyl•amine substituent on the Df- 
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carbon. The c-amino group has a significantly higher pK, (about 10.5 in 
polypeptides) than does the a-amino group. The side chain has three methylene 
groups, so that even though the terminal amino group will be charged under 
physiological conditions, the side chain does have significant hydrophobic 
character. L-Lysine is a necessary building block for all protein in the body. 
L-Arginine; 
Arginine 	(IUPAC 	name 	(S)-2-Amino-5-guanidinopentanoic 
acid, abbreviated as Arg or R) is a a-amino acid. The L-form is one of the 20 
most common natural amino acids. In mammals, arginine is classified as a 
semiessential or conditionally essential amino acid, depending on the 
developmental stage and health status of the individual. 
n' 
NH2 
pK„~IZt I: + 
C~ NN2 n= 
D 	 ~1 
i-2 
CH2 
H3N- CH—C—C 
pK,-0.o 	I PK,-zz 
Arginine, an essential amino 	acid, 	has 	a 	positively 
charged guanidino group. Arginine is well designed to bind the phosphate 
anion, and is often found in the active centers of proteins that bind 
phosphorylated substrates. As a cation, arginine as well as lysine, play a role in 
maintaining the overall charge balance of a protein. 
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L-Histidine; 
Histidine (IUPAC name 2-Amino-3-(1 H-imidazol-4-yl) propanoic acid, 
abbreviated as His or H) is one of the 22 proteinogenic amino acids. In terms of 
nutrition, histidine is considered as an essential amino acid in human infants. 
After reaching several years of age, humans begin to synthesize it and it thus 
becomes a non-essential amino acid. Its codons are CAU and CAC. 
p1:R 60 
f = HN~~ 
a' 
7 
IiCH2 
H3N-CH—CO 
II 	_ 
0 1 i.r 
Histidine, an essential amino acid, has as a positively charged imidazole 
functional group.The imidazole makes it a common participant in enzyme catalyzed 
reactions. The unprotonated imidazole is nucleophilic and can serve as a general base, 
while the protonated form can serve as a general acid. The residue can also play a role 
in stabilizing the folded structures of proteins. The further detail of salts will be 
discussed in next chapter. 
In present chapter we studied the ultrasonic effect on amino acids 
manely L-lysine monohydrochloride, L-histidine and L-arginine in I m 
(mol-kg"1 ) aqueous solutions of sodium acetate (SA), potassium acetate (PA) 
and calcium acetate (CA) at temperature 303.15, 308.15, 313.15, 318.15, and 
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323. I i K. I he studies of ultrasonic velocity and its derived parameters. viz., 
isentropic compressibility. change in isentropic compressibility. relative char we 
in isentropic compressibility. specific acoustic impedance and relative 
association. have been determined li'om ultrasonic velocity and density 
i e i urcmcnt in this part of stucl>. 
RESUI:I'S AND DISCUSSION 
I'he ultrasonic velocity value of L-lysine monoh drochloride (nl = 0.0606 at 
308.15K) in aqueous solution has been found 1528.66 nvs'l . literature value 
[ 101 is 1528.478 nvs'I  (m- 0.0666 at 308.15K). for l.-histidine (m = (1.0606. 
at308.15K) in aqueous solution has been found 1524.2 m•s''. literature value 
1101 1524.7 ems- ' (m = 0.0623 at 308.15K) to the best of our knowledge. 
On close observation, we found that the experimental results of 
ultrasonic velocities ( listed in Table 2.1.a-i) of 1.-lysine nionoh drochloride. 
I.-histidine and L-arginine in I molal (mol-keg I  ) aqueous solutions ol* sodium 
acetate (SA). potassium acetate (PA) and calcium acetate (CA) at temperature 
303.15. 308.15. 313.15. 318.15. and 323.15 K. increase Frith increasing 
temperature and concentration. Hirata and Arakawa [201. Mazazu et al. 1211. 
Rohtuan and Mahiuddin [22} and Ragouvamane et al. [81 reported similar 
increasing trend of variation of ultrasonic velocity 	ith increase in solute 
concentration in tetra-alkklanimoniuni salts-water: u,rt- I rehalose-water; 
sod mm nitrate : sodium thiosulphate-warier and amino acids-ethanol-water 
systems. respectively. And Kuniar and Rohini 13adaravani [231 reported that 
the ultrasonic velocity values increase with increase in concentration of solute 
and temperature (shon in fi_urc 2.1.a-i.). It appears that the rise in 
temperature causes the thermal rupture of the ice-like structure of water, which 
in turn, enhances the cohesion in solution. It further seems that the cohesion 
1{0 
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Table 2.I.a. Ultrasonic velocitrr (Um•s-') of'L-L~'sine mo,io hydrochloride in 
1 f»olul aqueous solution of'SA S(lIt (is a fun dioii  (/ colic. at T = (3O3.15 to 
323./5) K. 
in / Temperature / K 
(mnlkg') 303.15 308.15 313.15 318.15 323.15 
0.0000 1581.80 1586.61 1591.92 1595.24 1-598.70 
0.0291 1582.73 1588.61 1596.95 1598.92 1599.03 
0.0584 1589.61 1594.16 1605.36 1601.65 1606.40 
0.0880 1594.32 1596.11 1607.33 1609.56 1620.03 
0.1181 1603.76 1605.16 1609.36 1613.06 1623.96 
0.1480 1604.13 1613.73 1615.91 1618.10 1627.09 
Table 2.1.6. (Ji1rasohic velocity (C'/mrs') of' L-L►sine mono Icllrocl:lori1le in 
1 inolal aqueous solution of PA salt as a function of cone. at T = (3113.15 to 
323.15) K. 
M ;' 	 Temperature / K 
('mol.k, ') 	303.15 	308.15 	313.15 	318.15 	32.3.15 
0.0000 1579.80 1593.61 1.596.23 1598.87 1606.90 
0.0289 1585.13 1596.96 1599.80 1603.43 1608.06 
0.0580 1592.13 1598.26 1608.86 1611.40 1613.43 
0.0879 1597.00 1610.80 1610.23 1615.21 1618.62 
0.1173 1603.66 1612.76 1614.23 1619.66 1621.59 
0.1470 1609.43 1616.16 1619.73 1622.3' 1625.69 
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Table 2.1.c. Ultrasonic velocity (U/gyrs') ofL-Lysine,nouo hjdroclforide in 
I molal aqueous solution of CA stilt as a function of cone. at 7' _ (303.15 to 
323.15) K. 
m / Temperature /K 
(mol.kg t) 303.15 308.15 313.15 318.15 323.15 
0.0000 1576.23 1582.27 1590.41 1598.21 1608.31 
0.0281 1602.36 1612.86 1613.01 1617.92 1619.76 
0,0564 161023 1617.29 1619.55 1623.45 1623.26 
0.0850 1612.46 1619.56 1622.18 1626.2.3 1629.12 
0.1141 1614.50 1622.61 1625.32 162803 163123 
0.1429 1617.73 1625.43 1628.73 163226 1634.73 
Table 2.I.d. Ultrasonic velocity (U/m•s' t) of L-Arginine in I molnl aqueous 
solution of SA salt as a function of cone. at T = (303.15 to 323.15) K. 
m/ 	Tempernlure/K 
(moLkg" t) 303.15 308.15 313.15 318.15 323.15 
0.0000 1581.85 1586.61 1591.82 1595.24 1598.70 
0.0291 1586.32 1598.24 1601.90 1610.97 1614.19 
0.0585 1590.28 1601.96 1607.86 1613.91 1618.21 
0.0882 1599.97 1603.12 1612.79 1615.56 1620.68 
0.1179 1602.19 1605.97 1614.35 1617.24 1622.27 
0.1478 1606.41 1608.93 1616,24 1619.29 1624.53 
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Table 2. I.e.  Ultrasonic s'elocitr (U/,,,s' ) of L-t1 r; inine in I molal (UqueouIS 
ulriiio,, of P.1 salt us (IflinetiOn of cone. at T = (303.15 to 323. 15) K. 
in ; 	----- 	 Temperature / K 	 - 
(mol.kg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1579.80 1593.61 1596.23 1598.87 1606.90 
0.0289 1585.31 1595.49 1600.19 1603.25 1608.81 
0.0581 1586.96 1596.91 1602.85 1606.72 161 1.90 
0.0874 1590.85 1600.05 1604.37 1610.61 1616.67 
0.1171 1592.27 1603.29 1606.59 1613.98 1618.90 
0.1471 1595.42 1606.13 1609.22 1615.09 1622.82 
Table 2.1.f. Ultrasonic velocitti• (U/m•s-') of L-.'lrgii;ine i» 1 1,101(11 aqueous 
solution of CI salt as afunction of cone. at T = (303.15 to 323.15) K. 
In / 	 Temperature / K 
(moLtig"1) 303.15 308.15 313.15 318.15 323.15 
0.0000 1576.23 1582.27 1590.41 1598.21 1608.31 
0.0281 1606.81 1611.41 1613.29 1614.87 1616.90 
0.0565 1609.19 1613.25 1617.12 1620.21 1623.05 
0.0852 1612.05 1616.88 1619.85 1622.95 1626.72 
0.1139 1615.85 1620.12 1623.21 1625.23 1628.76 
0.1428 1619.23 1624.09 1625.96 1627.79 1632.21 
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Table 2.1.g. Ultrasonic velocity (U/nr-s') of L-Histidine in 1 molal aqueous 
solution of Sfl salt as a function of co,rc. at 7' = ('303.15 to 323.15) K. 
rrr / 	 Temperature / K 	- 
(»rol.kg-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1581.80 1586.61 1591.82 1595.21 1598.70 
0.0291 1590.42 1602.39 1603.82 1607.79 1613.59 
0.0585 1598.57 1606.41 1608.27 1612.60 1619.20 
0.0879 1594.23 1609.36 1611.29 1616.21 1623.47 
0.1176 1596.86 1611.42 1614.23 1618.17 1626.65 
0.1474 1599.29 1614.25 1617.10 1621.28 1628.13 
Table 2.1.h. Uhrasonic velocity (U/m•s 4 ) of L-11istidine in 1 molul aqueous 
solution of Pfl salt as a frnrction of comic. at T = (3(13.15(0 323.15) K. 
flu / 	 Temperature / K 	- 	- - 	 - 
(mol.k;-f ) 303.15 308.15 313.15 318.15 323.15 
0.0000 1579.80 1593.61 1596.23 1598.87 1606.90 
0.0289 1-585.35 1597.09 1599.20 1602.02 1(08.12 
0.0580 1591.09 1600.31 1602.01 1604.58 161 1.2 8 
0.0875 1594.01 1602.76 1605.89 1607.31 1616.95 
0.1168 1597.2O 1605.05 1608.72 1611.45 1618.40 
0.1463 1503.45 1609.64 1613.18 1615.07 1620.72 
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Table 2.1.i. Ultrasonic velocity (U/mss"') of L-Histidine in I 17101(11 aqueous 
solution of Cl salt as a function of conc. at T = (303.15 to 323.15) K.  
in / 	 Temperature / K -- ----- - _---- 
(ntoLkg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1576.23 1582.27 1590.41 1598.21 1608.31 
0.0280 1602.40 1607.26 1609.85 1611.29 1615.76 
0.0563 1605.15 1610.11 1611.92 1614.26 1617.15 
0.0850 1607.87 1613.10 1615.83 1617.81 1620.09 
0.1132 1610.29 1617.19 1619.25 1621.25 1624.91 
0.1415 1616.43 1619.92 1622.29 1624.90 1627.72 
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Fig. 2.1.a. Plot of Ultrasonic velocity (U/m-s"') verses cone. of L-Lysine mono 
hydrochloride in I molal aqueous solution of SA salt at T = (303.15 to 323.15) 
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I molal aqueous solution of SA salt at T = (303.15 to 323.15) K. 
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in solution. It further- sems that the cohesion factors dominate over the thermal 
expansion tactor in solution with increase in temperature. 
I'he measured density (j and ultrasonic velocity ((I) values have heen used Icy 
evaluate the parameters Viz. isentropic compressibility (K,) with the following 
equation: 
K; = l / (t1'`-p) 	 (1) 
~vlierc I< < is iscntropic ccmmpressibility. L:' is ultra sonic velocity and f) is density 
of solution. The values of K, are listed in Table 2.2.a-i. 
Change in isentropic compressibility (:\JT ). is another computed 
parameter calculated on taking difference between adiabatic compressibility in 
aqueous and in salt solutions of amino acids. The equation is given below: 
\I<, -= K,n - - I<S 	 (2) 
where .1I<, change in isentropic compressibility. Ks`). and K, is adiabatic 
compressihilities of' solvent and solution respectively. the resultant value is 
given in Table 2.3.a-i. 
The relative change in isentropic compressibilit\ (AK,.) is it computed 
parameter of solution can he calculated by follossin`( equation: 
\K; % K,° 	 (3 ) 
\\- here .\l<. is relative change of solution. "l he resultant values are summarized 
in (able ?.;.a-i. 
The Apparent molal compressibility. (%r,,,) values for the said systems have 
been calculated employing the tallow ing relation: 
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Table 2.2.a. 1se»tropic compressibility (Kx l (1"'/tn--iV) and Apparent i»olal 
i.Semropic compressibility' 	(1/..xI (t'/bar '•»r;•»toC! ) 	of L-L}•sine mono 
hydrochloride in I molal aqueous solution of S/1 stilt as a function of*colic. (it T 
=(303.1510323.15) K. 
in / 	 Temperature / K 
(tnol.k ') 	303.15 	308.15 	313.15 	318.15 	323.15 
K x (1)K, K. ti:.  44Ks K, K, A 
10.' < 10 10- ' '10 10 x10 10'' x10 1 U-, < 10-` 
0.0000 3.87 - 3.85 - 3.8; - 3.82 - 3.81 - 
0.0291 3.86 1.5 3.83 -0.19 3.80 -5.2 3.80 -4.1 3.80 2.5 
0.0584 3.82 -3.2 3.80 -3.0 3.75 -7.7 3.78 -2.7 3.76 -3.1 
0.0880 3.79 -3.6 3.78 -2.0 3.74 -5.1 3.74 -4.9 3.69 -8.1) 
0.1181 3.74 -5.6 3.74 -4.2 3.72 -3.8 3.72 -4.2 3.67 -8.4 
0.1480 3.73 -3.9 3.69 -5.4 3.69 -3.7 3.69 -7.0 3.65 -7.0 
Table 	2.2. h .Isentropic coinpressihiliti' (K,x 1(1"'/►ri 2W') and 	:1 pparennt m olal 
isentropic c•onrpressibilitr (.'P A X 10/bar "-nr'-mc~C I ) of L-Ltsinre »,o,IO HC'I in 	1 
11101r1/ aqueous solution PA salt as a fumiction of care. at T = (303. 1 i 10 323. I5)  K. 
hr 	, 
- - 	- - 	-
h'i»peruturc' / K 	
- ----- - -- 
(ttwt. k 	') 303.15 308.15 313.15 318.15 323.15 
V. 	- 4, Ks , K. " <$ K, - (1 K. K. " 
I0 10 10~ X10 - 1ft x10 - 10~  10 - to x10 5 
0.000O 3.87 - 3.81 - ,.80 - 3.80 - 3.77 - 
0.0289 3.84 -5.6 3.79 -2.2 3.78 -2.7 3.77 -4.3 3.76 1.15 
0.0580 3.80 -6.8 3.78 0.57 3.73 -6.9 3.73 -6.8 3.73 -2.00 
11.0876 3.77 -6.0 3.71 -5.8 3.72 -4.5 3.7! -5.4 3.70 -2.9 
0.1 17 3 3.73 -6.2 3.69 -4.8 .1.70 -3.8 3.68 -4.9 3.68 -2.5 
0.1470 3.70 -6.1 3.68 -3.8 1.67 -4.1 3.66 -4.1 3.66 -2.6 
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Table 2.2.e. Isentropic compressibility (Kx1(i'/ut"•N') and Apparent mo/al 
isentropic compressibility (p5 xJ Oibur'm3 mor') of L-Lysine mono 
hydrochloride in I rnolal aqueous solution of CA salt as a function of cone. 
at T= (303.15 to 323.15) K. 
in / 
(mol.kg') 303.15 
Temperature /K 
308.15 	313.15 	318.15 323.15 
K5 x $e: K, x tkka: K, x Iixs K, x $x, K,' (has 
l0-7 x10-' 10' x10-' 10' x1(f' 10-° x10-' ]0J' xl0-s 
0.0000 3.76 - 3.74 - 3.71 - 3.68 - 3.65 - 
0.0281 3.63 -36.1 3.59 -43.2 3.60 -31.5 3-59 -262 3.59 -14.2 
0.0564 3.59 -22.2 3.57 -23.1 3.57 -18.1 3.56 -15.3 3.58 -7.3 
0.0850 3.58 -14.3 3.56 -15.6 3.56 -12.6 3.55 -9.9 3.55 -6.3 
0.1141 3.57 -10.2 3.54 -11.0 3.54 -8.9 3.54 -7.0 3.54 -4.4 
0.1429 3.55 -8.4 3.53 -8.8 3.52 -7.3 352 6.0 3.52 0.37 
Table 2.2.d Isentropie compressibility (K5 x10'/m2 -iV') and Apparent mnlal 
isentropic compressibility (cfrkc x]Cr'/bar r•m3•mal r ) of L-Arginine in I nmlal 
aqueous solution of SA salt as a funclimr of cone. at T = (303.15 to 323.15) K. 
m / 	 Temperature / K 
(mol•kg'j 303.15 308.15 313.15 318.15 323.15 
K, x 0, K, x lK> K,  x (pie. K. x (Pus K, x (1' 
10' XI0' 10 7, x10' 10 7 x10'' 10 7 x10 5 10 7 x10-s 
0.0000 3.87 - 3.85 - 3.83 - 3.82 - 3.81 - 
0.0291 3.84 -4.4 3.79 -15.0 3.78 -13.0 3.74 22.0 3.73 -22.0 
0.0585 3.82 -35 3 76 -8.9 3.74 -9.4 3.73 11.0 3.71 11.0 
0.0882 3.77 -6.3 3.75 -5.4 3.72 -7.7 3.71 4.9 3.69 4.9 
0.1179 3.75 -4.7 3.74 -4.3 3.71 -5.5 3.70 -5.3 3.68 -5.3 
0.1478 3.73 -4.4 3.72 -3.7 3.69 -4.3 3.69 -4.2 3-66 -4.2 
93 
Ultrasonic sturh- of a-Amirro Acids ....-.1 
Table 2.2.e. Isentropic compressibility (Ks x1tl 7 /m2•N') and Apparent 'no/al 
iseutropic compressibility (tpi x10-'/ba( r •m3-mor t) of L-Ar;inine in I molnl 
aqueous solution of PA salt as a function of conc. at T = (303.15 (0323.15) 
K. 
m / 	 Temperature / K 
(rnobkg t ) 	303.15 	308.15 	313.15 	318.15 	323.15 
K x QDds K, `  $,<S K, x (Pxs K;' iIius K, x Is 
lo-' lo-' l0-' xlo` l0' ]o-' lo-7  x10 lo-' x10.5 
0.0000 3.87 - 3.81 - 3.80 - 3.80 - 3.77 - 
0.0289 3.84 -5.4 3.80 -0.53 3.78 -2.9 3.77 AS 3.76 0.42 
0.0581 3.83 -2.1 3.78 -0.94 3.76 -1.8 3-75 -4.4 3.74 -0,5 
0.0874 3.80 -2.3 3.77 -0.15 3.75 -0.79 3.73 -3.1 3.71 -1.6 
0.1171 3.79 -1.4 3.75 -0.23 3.74 -0.53 3.71 -U.83 3.70 -0.85 
0.1471 3.77 -1.2 3.73 -0.22 3.72 -0.4 3.70 -1.6 3.68 -I.-3 
Table 2.2.f, Isentropic compressibility (Kxl q'/n,2 ,V 1) and Apparent molal 
isentropic eompressi6iIilp (cpK3*10-5/bar'-ni' n or r ) of L Arginine in I molal 
aqueous solution of CA salts as a function of cone. at T = (303.15 to 323.15) K. 
in / Temperature / K 
(mo1-kg r ) 303.15 308.15 313.15 318.15 323.15 
IC, x K,' $KS K, x tics '<,t Ohs  K, " (ly:s 
10-' xØ'  10-' x16-5 lo•' xlo-; 10-' x10-' 10-' xØ° 
0.0000 3.76 - 3.74 - 3.71 - 3.60 - 3.65 - 
0.0281 3.61 -43.0 3.60 -41.0 3.60 -31.0 3.61 21.0 3 61 92 
0.0565 3.60 -21.0 3.59 -20.0 3.58 -16.0 358 13.0 3.58 -7.2 
0.0852 358 -14.0 3.57 -13.0 3.57 -11.0 3.56 -8.3 3.56 -5.2 
0.1139 3.56 -11.0 3.55 -10.0 3.55 -8.3 3.555 -6.0 3.55 -3.6 
0-1428 355 -89 353 -8.5 354 -6.6 3.54 -4.7 3.53 -3.1 
94 
11 Itrasonic sttrcl of a-ti ari►to tl culls ......! 
Table 2.2.g. Isentropic compressibility(h;x 10''/m2•:V ') and Apperrent mo/al 
isentropic compressibility (c/)A-,x10'/bcrr ' 	mut I ) of L-Histidine in I rrtolal 
aqueous solution of £4 salt as a function of cone. (it 7 = (303.1) to 323.15) 
K. 
in / Temperature / K 
(raol•trg') 303./S 308.15 313.15 318.15 323.15 
K• " IK , K. K. { (j) K, ' (Ih s K. X ~~h> 
10"' 10"' 10"' x10' 10 X10' 10' '10' 10 .10~ 
0.0000 3.87 - 3.85 - 3.83 - 3.82 - 3.81 - 
0.0291 3.82 -11.0 3.77 -22.0 3.77 -16.0 3.76 17.0 3.73 -20.0 
0.0585 3.81 -5.3 3.75 -12.0 3.74 -9.7 3.73 10.0 3.70 -13.0 
0.0879 3.80 -3.3 3.73 -8.7 3.73 -6.9 3.71 -7.7 3.68 -9.6 
0.1176 3.78 -2.6 3.72 -6.4 3.71 -5.4 3.70 -5.7 3.66 -7.5 
0.1474 3.77 -2.2 3.70 -5.3 3.69 -4.5 3.68 -4.8 3.65 -5.8 
Table 	2.2.1x. /sentropic compressibility (J .x10"'/m`.iV') and Apparent rrrolnl 
i.se'rrlropic coarpressibilit' ((/ A x 1rr5/bur'•nt .mot r ) of L-llistidine in 	1 11110 
(il/IICOIIS soliinion of*P.-A salt US a f lIneliOb of comic. at T = (303. 1 i to 323.15) K. 
- - 	- 
in / 
- - 	- 	-- 	 --- 	- - 	--- 	--- 
Temperature / K 
-- 	- 
(►nolk 	') 303.15 308.15 313.15 	318.15 323.15 
K, x 	tKs K, X 	~ Ks K, " 	(I¼ 	 I>Ks K,' (I)i. 
0-' 	x 10-' 10-' 	x 10 10"' 	x 10' 	10"~ 	x10 10 X 10 
O.O000 3.87 	- 3.81 	- 3.80 	- 	3.80 	- 3.77 - 
0.0289 3.84 	-5.5 3.79 	2.1 3.79 	-1.2 	3.78 	-2.8 3.76 1.5 
0.0580 3.81 	-5.4 3.77 	-1.7 3.77 	-9.5 	3.77 	-1.6 5.74 0.1 
0,0875 3.79 	-3.9 3.76 	-1.2 3.75 	-1.4 	3.75 	-1.2 3.71 -1.6 
0.1 168 3.77 	-3.3 3.74 	-8.~ 3.73 	-1.? 	3.7 ; 	-1.6 3.70 -0.8 
0.1463 3.74 	-3.8 3.72 	-1.4 3.71 	1.6 	3.71 	-1.7 3.69 -6.6 
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Table ?.2.i. Isentropic compressibility (k x  %ttt`•;V and . 1pparenl mob! 
isentropic compressibility (P Ac X ll!'/bar l •tn"-mot') of 1_-Ilistidu,e in 1 1110l(1l 
aqueous solution of CA salts as a f(1oetiotz of coizc. at 1' = (303.15 to 323.15) 
K. 
in / 	 Temperature / K 
(inol-kg-') 	303.15 	308.13 	313.15 	318.15 	323.15 
K , :" $¼ 14 X (I)~;. K X K, x (I~. K X I)K, 
1O  ':1O'  10- ' . 10'' 10-7 < 10- ' 10' 10-, 10' 10.`  
0.0000 3.76 - 3.74 - 3.71 - 3.60 - 3.65 - 
0.0280 3.63 -38.0 3.62 -36.0 3.62 -28.0 3.62 -19.0 3.61 -9.2 
0.0563 3.61 -20.0 3.60 -19.0 3.60 -14.0 3.6 -9.9 3.60 -4.4 
0.0850 3.60 -14.0 3.58 -13.0 3.58 -10.0 3.58 -7.5 3.58 -3.6 
0.1132 3.58 -11.0 3.56 -11.0 3.56 -8.5 3.56 -6.3 3.56 -3.9 
0.1415 3.55 -9.8 3.55 -9.0 3.53 -9.6 3.54. -5.6 -3.54 -3.4 
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Fig. 2.2.a. Plot of Isentropic compressibility (KS x1(J'/m2•N') versus cone of 
L-Lysine mono HCl in I molal aqueous solution of SA salt at T = (303.15 to 
323.15) K. 
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Fig. 2.2.b. Plot of Isentropic compressibility (KX1O"7/m2•N') versus conc. of L-
Lysine mono HCI In I molai aqueous solution of PA salt at T = (303.15 to 
323.15) K 
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Fig. 2.2.a Plot of Isentropic compressibility (K,x1(i/m2-AY') versus cone of 
L-Lysine mono hydrochloride in I molal aqueous solution of CA salt at T = 
(303.15 to 323.15) K. 
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Fig. 2.2.d Plot of Isentropic compressibility (KS x10'/m2  N I) versus conc.of 
L-Arginine in I molal aqueous solution of SA salt at T = (303.15 to 323.15) 
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Fig. 2.2.& Plot of Isentropic compressibility (14x1(f/m'•Y') versus conc.of 
L-Arginine in I molal aqueous solution of PA salt at T = (303.15 to 323.15) 
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Fig. 2.2.f. Plot of Isentropic compressibility (Ksx10''/m2•N') versus conc. of 
L-Arginine in I molal aqueous solution of CA salt at T = (303.15 to 323.15) 
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Fig. 2.2.g. Plot of Isentropic compressibility (Kx1U'/n?.ZT') versus 
concentration of L-Histidine in I molal aqueous solution of SA salt at T = 
(303.15 to 323.15) K. 
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Fig, 2.2.h. Plot of Isentropic compressibility (K5x10'/m2•Nl) versus 
concentration of L-Histidine in 1 inolal aqueous solution of PA salt at T 
(303.15 to 323.15) K. 
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Fig. 2.2.L Plot of Isentropic compressibility (K xlO"I t•W) versus 
concentration of L-Histidine in I molal aqueous solution of CA salt at T = 
(303.15 to 323.15) K. 
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errs = Il>~(K,p0-K,° p/imp,,p+K.,M/p 	( 4 ) 
where in is molal concentration and NI is molecular mass ol solute. while K,." 
and 	are  adiabatic compressibility and density values of solvents 
respectively. All the resultant values are given in l able 2.2.a-i. 
the results of isentropic compressibility, (K,) obtained from equation 
( I) show decreasing trend with increase in the temperature (figure 2.2.a-i). It is 
primarily the compressibility which increases the thermal breaking of solvent 
components which in turn results in greater attractive forces among the 
molecules of a solution. Decrease in K, values with increase in concentration 
may be due to increase in solute-solvent interactions. which leads to change in 
ultrasonic velocit\, the rcater the attractive forces anion ,^ the molecules of 
liquid . smaller will be the compressibility. 
The compressibility lowering (change in insentropic compressibility), 
(AK,). calculated from equation (2) varies linearly with concentration and 
shop\ s the same trend with temperature. The variation of compressibility 
Lowering with concentration is given in Cable 2.3.a-i. 
Relative change (.\K r) in isentropic compressibllities AK, / KS '. obtained 
from equation (3) is listed In l able 2.3.a-i. It is noteworthy that AK,! Ks" values 
increase with concentration. and decrease with the temperature. 
The specific acoustic impedance (Z) and relative association (RA) 
values for the said systems have been calculated employing the following 
relations: 
Z — L-/p 	 (5) 
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Table 2.3.a. Change (:,K x10-111?12 _V') and Relative change in isentropic 
compressibility (AK X 10.1/,n2.1V') of L-Lysine mono Ii hydrochloride in 1 molal 
aqueous solution o/ Si still as u function of conc. at T = (303.15 to 323. l i) K. 
in /  	Temperature / K 
(mo!•k; ') 	303.15 	308.15 	313.15 	318.15 	323.15 
$ K r x AK,x :\K r x :\K,x 	JK r X .\K/ 	;\K 	L\h, 	.\K r>' 	,\K S x 
0' ; 	10' 	10.1 	10' 	10' s 	10" 	10"' 	10' 	I0' 	10'`' 
0.0291 2.6 1.01 3.9 1.53 7.8 3.01 6.5 2.50 1.8 0.71 
0.0584 12.6 4.90 12.3 4.74 19.6 7.53 11.3 4.3-1 12.4 -1.74 
0.0880 19.9 7.70 16.1 6.21 23.4 8.99 22.4 8.59 30.4 1.16 
0.1181 32.8 12.7 28.6 11.00 27.3 10.50 28.1 10.70 46.3 17.80 
0.1480 34.5 13.4 40.2 15.50 35.2 13.5 35.4 13.60 51.3 19.70 
Table 2.3.b. Chan e (..\Kx10-9/nt'•:V ') and Relative change in i.sentropic 
comnpressibility (,\tefx10 ;/tn2•N') of L-Lesine mono hydrochloride in I teolul 
uquc'ous solution P.-1 salt as a firaction of comic. at 7 = (303.15 to 
-- 	-- 
 323. IS) K.
-- 
in / - 	 - 	-- - Temperature / K 
(mol.kr - 303.15 	308.15 	313.15 318.15 323.15 
AK ;< 	AK,x 	;\h.x 	AKr x 	K,x ,K t x :AK,' 	JK S x 
10-' 	10 -' ) 	10'' 	1O"° 	10.3 	10 -  10" 	10-9 10"3 	10 -` ' 
0.0289 8.1 	3.15 	5.5 	2.10 	5.9 	2.25 7.1 	2.71 2.8 	1.09 
0.058)) 1 S.1 	7.03 	8.5 	3.27 	18.3 	7.00 18.2 	6.94 10.8 	4.I() 
0.0876 25.4 	9.85 	25.2 	9.63 	22.1 	8.41 24.2 	9.20 18.5 	6.99 
0.1173 4.8 	13.51) 	30.7 	11.70 	17.5 	10.50 30.8 	11.7') 23.4 	8.84 
0.147)) 43.0 	16.70 	34.3 	13.1 	35.4 	13.50 35.3 	13.40 29.6 	11.2 
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Table 2.3.c. Change (AKx!0 /m2 Y') and Relative change in iseurropic 
compressibility (AK, x I 113/m2'V') of L-Lysine mono !rvdr0cbIoride in I molal 
aqueous solution of CA salt as a function of cone. at T = (303.15 to 323.15) 
K. 
m / Temperature / A 
(molkg1) 303.15 308.15 313.15 3/8.15 323.15 
~1Krx 3K,x K,x AK,x AK,x AK.x AK,x AK,x AK,x AK,x 
16 16" 16 3 10 16, 10 v 10' 10° 16 3 10 9 
0.0281 33.2 12.50 38.4 14.40 28.7 10.70 25.1 9.26 15.1 5.53 
0.0564 43.4 16.30 44.5 16.6 37.3 13.90 32.8 12.02 20.2 7.38 
0.0850 46.9 17.60 47.9 17.90 41.3 15.30 36.5 13.50 28.0 10.21 
0.1141 50.1 18.80 54.4 19.60 45.8 17.01 39.6 14.60 31.4 11.51 
0.1429 54.7 20.60 56.4 21.10 50.6 18.82 45.4 16.72 36.3 13.32 
Table 2.3.d. C/range (AKx10-9/m2-7V') and Relative change in isenrropic 
compressibility (AK,x1U'/nrZ•N5 of L-Arginine in 1 motal agieons solution 
of SA salt as a fvnction of cunc. at T = (303.15 to 323.15) X. 
m / 	 Temperature / K 
(nml•kg') 	303.15 	308.15 	3)3.15 	318.15 	323.15 
AK,x AKx AKr x AK,x AK,x nK,x 4Kr x AK,x AK,x AK,* 
1W 10 10' 10.9 10-3 169 10 I1)-9 I0 19-9 
0.0291 7.2 2.79 15.6 6.02 13.7 5.28 20.6 7.9!  20.4 7.78 
0.0585 13.0 5.04 21.4 8.25 223 8.55 25.4 9.73 26.4 10.12 
0.0882 26.1 10.10 24.0 9.27 29.5 1131 28.6 11.02 30.6 11.72 
0.1179 299 11.62 28.6 11.0 32.5 12.40 31.8 12.23 33.6 12.81 
0.1478 36.1 14.01 33.3 12.81 35.8 13.71 35.3 13.52 37.4 14.30. 
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Table 2.3.e. Change (AK,x10'/nl2•V I ) and Relative change in isentropic 
compressibility (.1K,x /0 ;/Hl`'•iV') of L-Ar/;iuille in 1 mnlcll aqueous solution 
of?-1 salt as a function of cone. at 1' _ (303.15 to 323.15) K. 
X11 / 	 Temperature / K 	- 
(mo%kg'`) 	303.15 	308.15 	313.15 	318.15 	323.15 
\K,.x 	,K, K 	 \K1 ' 	\K; y 	\Kr x JK,x 	\K~; 	JI<,x 	\K, x :\K,x 
10 	10 	] 0~' 	10~ 	1 U' 	10~ 	1 U' 	10- 	10' 	10"`' 
0.0289 7.9 3.09 3.4 1.31 6.1 2.33 7.5 2.88 3.5 1.32 
0.0581 11.0 4.29 6.2 2.38 10.5 4.03 13.7 5.24 8.4 3.20 
0.0874 17.0 6.61 11.3 4.31 13.5 5.14 18.8 7.16 15.1 5.81 
0.1171 19.8 7.68 16.3 6.22 17.2 6.57 23.9 9.11 18.2 6.89 
0.1471 24.5 9.51 20.6 7.87 21.3 8.11 26.1 9.94 24.7 9.32 
Table 2.3.f C'halt; e (\li, x 1 9/►n`'•.V') and Relative change in isentropic 
compressibility (\g,XW"3/ill` •IV ' ) of L-,.lrginine in I »lDl(rI aqueous solution 
of C,-1 salts as afunction of cone. at T = (303.15 to 323. 15) K. 
-- --- 	- -- - - - -- --- - - - 	-- - 	--- 
m / Temperature / K 
(anor.kg) 	303.15 	308.15 	313.15 	318.15 	323.15 
:\Kr < 	.1K;:; 	-\Kr x 	<\K; ^  	•\K. 	1K, K 	:AK,' 	1K; ' 	\K,^ 	1{<;,. 
10-3 	10-1 	10-' 	10.x' 	] 0, 3 	10- 	] 0' 	l O '' 	10-3 	10-x' 
0.0281 38.3 14.41 36.6 13.72 28.9 10.81 21.1 7.78 11.4 4.18 
0.0565 42.0 15.81 39.6 14.82 34.3 12.81 28..E 10.51 19.7 7.21 
0.0852 46.1 17.30 44.6 16.71 38.1 14.21 32.3 11.9 24.9 9.12 
0.1131) 51.3 19.31 49.2 18.42 43.0 16.01 35.8 13.2 28.0 10.31 
0.1 J28 55.9 21.01 54.5 20.41 47.0 17.40 39.5 14.61 32.9 12.01 
105 
318.15 	323.15 
\K,x AK,x :_\K,x ;\K,x 
10' 10-  10-' 10-9  
5.7 2.19 2.3 0.89 
9.7 3.69 7.0 2.66 
13.8 5.26 14.7 5.57 
19.6 7.47 17.3 6.52 
24.8 9.43 20.8 7.87 
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Table 2.3.,-. Change (Akc x l0 9/m'•iV') and Relative cllait' a in isentropic 
compressibility (-\h"r x 10";/m`'•N / ) oJ L-Histi(lilIt' in / riiolci/ a/uCoUs solution 
of Si salt as afunction of cone. at T = (3(13.15 to 323.15) K. 
in / 	 Temperature / K 	- 
(» vvl.kfg•') 	303.15 	308.15 	313.15 	318.15 	323.15 
\K,x .AK,% ,AKr x :AK,  •\h,' AK,' :AK1 ' AK, AK,' AK' 
10-' 10' 10-3 I0.  10' 10-  10-' 10-  I0-' 10-` ' 
0.0291 11.7 4.53 20.5 7.89 16.0 6.16 16.5 6.32 19.3 7.35 
0.0585 15.3 5.93 26.3 10.10 22.1 8.49 23.3 8.93 27.0 10.31 
0.0879 18.3 7.08 30.8 11.91 26.7 10.31 28.6 11.0 33.0 12.61 
0.1176 22.4 8.66 34.1 13.10 31.1 11.9 31.8 12.21 37.6 14.41 
0.1474 26.2 10.10 38.3 14.80 35.4 13.6 36.4 13.91 40.2 15.31 
Tab/e 2.3.h. Change ( °,.x10 9/m2•;ti-/ ) and Relative cllnit;e In isentropic' 
compressihilitr (-\Kr xJ(I z/m)•iV') of L-Histidine in / molal aqueous solution 
of P.1 stilt as a fiunction of colic. at T = (303.15 to 323.15) K. 
III / 	 Temperature / K 
(mul.kg") 	303.15 	308.13 	313.13 
\Kr . AK,x AK, < \J(x AKr x AK,x 
10 , 10 1  10 3 10 9 10 3 10`' 
0.0289 7.8 3.03 5.2 1.98 4.5 1.72 
0.0580 15.7 6.09 9.9 3.81 8.7 3.34 
0.0875 20.0 7.77 13.7 5.24 14.4 5.45 
0.1168 24.7 9.58 17.3 6.60 18.5 7.05 
0.1.63 33.0 12.81 23.6 9.02 24.7 9.4 
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Table 2.3.i. Change (lKc X1O"'/nl2•V') and Relative change in isentropic 
compress'ibiliti (.1Krx /0 3/n12W l ) of L-flistidine in I nlolal aqueous solution 
of C-1 salts as a function of cone. at T = (303.15 to 323.15) K. 
in /      	Temperature / K 	 -_- -_ 
(mol.kg') 	303.15 	308.15 	313.15 	318.15 	323.15 
.\Kr` 1k,^ .\K,X AK,x \Kr x AK,X L\k,x :~I:' c\K r` \K' 
10-` 10-1 10'' 10 `' 10-1 10-9 10 10 10-' 10 
0.0280 33.3 12.60 32.0 12.00 25.1 9.35 18.2 6.71 10.5 3.84 
0.0563 37.9 14.30 36.6 13.70 28.8 10.70 22.1 8.17 13.4 4.90 
0.0850 42.3 15.90 41.4 1.5.50 34.7 12.90 27.6 10.20 18.2 6.65 
0.1132 46.2 17.4 47.3 17.70 39.8 14.80 32.8 12.10 25.1 9.17 
0.1415 54.5 20.5 51.5 19.30 49.4 18.30 38.2 14.10 29.5 10.80 
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RA = (p/ p„) (UO U, r ; 	 (6) 
\\here /),, and L'„ density and ultrasonic velocity values of solvents, the 
resultant values oI'Z and RA are given in table 2.4.a-i and 2.5.a-i. respectevily. 
It is observed that values of specific acoustic impedance. (7) obtained 
fi'onm equation (5) vary linearly with increase in concentration of amino acids 
and they also increase with temperature as apparent. (shown in figure 2.3.a-i.) 
This is in accordance with the equation (5) in which Z is directly proportional 
to ultrasonic velocity. 
The relative association (RA) is the property used to understand the 
interactions. Relative association is influenced by two important factors: 
1. Breaking up of associated solvent molecules on addition of solute in it. 
.-. The salvation of' solute molecules. 
The former one leads to decrease and latter to increase of' relative 
association. In the present study. RA increases with the concentration of amino 
acids which suggests the greater influence ot'the second factor than the first. 
On examination, the values of apparent molal compressibility. ((J)i;,) are 
found to be negative at all temperatures. which can be explained by postulating 
that polar groups of acetate salts interact with the surrounding solvent \\ ater 
through dipole-dipole interaction in such a waV that the sari'oundinLI water 
loses its own compressibility to a certain extent. and degree of organisation of '  
water molecules increases by forming clusters in the vicinity of protein, so it 
\\ 
 
ill limit the denaturation of protein, the unfavourable (or polar) environment 
produced by acetate salt molecules will increase the hydrophobic interaction in 
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Table 2.4.a. Specific acoustic impedance (Zx 103/kg•m-2•s 1) of L-Lysine i»ono 
/iFdrochloricle in I molal aqueous solution of SA salt as a frurction of colic. at 
T=(303.15 to 323.15) K. 
ni / 	 Temperature / K 	 - 
(mol.kh"') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 1637.96 1642.91 1648.03 1646.98 1645.72 
0.0584 ♦ 1647.47 1651.07 1659.14 1652.1() 1655.71 
0.0880 1654.74 1655.48 1663.58 1662.65 1672.19 
0.1181 1666.94 1667.28 1668.10 1668.71 1678.68 
0.1480 1669.57 1678.44 1674.89 1676.19 1684.19 
Table 2.4.b. Specific acoustic impedance (7./k -m-`•s-') of L-1 rci,u' mono 
hhlrochlorule in 1 i;rolal aqueous .solution of PA stilt as a fiuirctwn of cone. 
at T= (.303.15to.323.15) K. 
m / 	 Temperature / K 
(ntol./tg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1643.93 1653.22 1653.07 1653.29 1654.37 
1).0580 1653.42 1656.91 1664.68 1663.77 1662.15 
0.0879 1660.72 1672.17 1668.98 1669.96 1069.76 
0.1173 1669.89 1677.99 1674.76 
i .1470 
1676.83 1675.10 
1678.15 1682?6 1682.73 1681.85 1681.61 
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Table 2.4.c. Specific acoustic impedance (Zx103/k/;•t►i Z•sr') of L-Lysine mono 
/i 1roclrloride in I mo/ul aqueous solution of C t stilt as (! Junetwts of colic. 
at T = (303.15 to 323.15) K. 
in / 	Temperature / K 
(mol.kg) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0281 1718.05 1724.9-5 1720.59 1720.82 1717.59 
0.0564 1727.93 1731.14 1729.03 1728.16 1722.76 
0.0850 1731.78 1734.97 1733.29 1732.47 1730.45 
0.1141 1735.42 1739.82 1738.11 1735.96 1734.16 
0.1429 1740.35 1744.24 1743.23 1741.94 1739.35  
Table 2.4.d. Specifics acoustic impedance (ZX 103/k/; •m 2•s') of L-~l r,iniue in / 
mo/al aqueous solution of S,1 salt as a function of cone. at T = (303.15 to 
323.15) K. 
in / 	 Temperature / K 
(1110l. hg"') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 1641.67 1652.58 1652.84 1658.17 1661.16 
0.0585 1647.53 1658.50 1661.08 1663.29 1667.24 
0.0882 1639.64 1661.79 1668.27 1667.09 1671.89 
0.1179 1663.87 1666.67 1671.82 1670.77 1675.48 
0.1478 1670.18 1671.67 1675.71 1674.83 1679.76 
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Table 2.4.e. Specific  acoustic impedance (ZX 103/kg•nt "2•s) of L-Arginine in I 
mo/a/ aqueous so/ill/on of PA salt as a function of cone. at 7' _ (303. 15 to 
323.15) K. 
in / 	 Temperature / K 
0?1oLkg') 	303.15 	308.15 	313.15 	318.15 	323.15 
ft0289 1643.64 1651.33 1652.99 16-52.63 1654.66 
0.0581 1647.10 1654.61 16-57.66 1659.42 1659.77 
0.0874 1653.05 1659.73 1661.00 1663.92 1663.36 
0.1171 1656.27 1664.85 166-5.07 1669.17 166).8 
0.1471 1660.99 1669.25 1669.24 1671.78 1676.04 
Table 2.4.f. Specific acoustic impedance (7.x 103/kg•rr: "•s"')of l.-ítrrirrine in I 
inolal aqueous solution of Cl salt as a function of cote. at T = (303.15 to 
323.15) K. 
in / 	 Temperature / K 
(nrol.k') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0281 1722.66 1723.24 1720.73 1717.41 1714.39 
0.056.5" 1726.66 1726.66 1726.27 1724.55 1722.38 
0.0852 1731.01 1731.84 1730.48 1728.76 1727.57 
0.1139 1736.41 1736.60 1735.37 1732.49 1731.04 
0.1428 1711.32 1742.16 1739.61 1736.52 1736.01 
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Table 2.4.g. Specific acoustic impedance (Zx10'/kg m'2.c') of L-Histirline in 
I molal aqueous solution of SA salt as a function of cone. at T = (303.1510 
323.15) K. 
in / 	 Temperature / K 
(nrotkg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 1645.13 1656.39 1654.82 1654.41 1659.90 
0.0585 1648.94 1662.15 16660.53 1660.97 1667.29 
0.0879 1652.26 1666.81 1665.26 1666.31 1673.31 
0.1176 1656.42 1670.39 1669.76 1669.79 1678.05 
0.1474 1660.38 1674.78 1674.18 1674.45 1681.04 
Table 2.4.k. Specific  acoustic impedance (Zx 103/kg•n1 2 s') of L-I istidine in 
I molal aqueous solution of PA salt as a function of cone. at T = (303.15 to 
323.15) K. 
in / 	 Temperature /K 
(mol.kg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1643.21 1652.50 1651.49 1650.88 1653.46 
0.0580 165043 1657.12 1655.67 1654.80 1658.00 
0.0875 1654.74 1660.94 1660.97 1658.90 1665.13 
0.1168 1659.33 1664.59 1665.18 1664.46 1667.92 
01463 1667,10 1670.64 167109 1669.49 1671.61 
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Table 2.4.1. Specific acoustic impedance (7x 103/kh -uii 2 s- ') of L-Histidine in I 
molal aqueous solution of Cl salt as a f iinction of cone. at 1' _ (303. 1 i to 
3-73.15) K. 
in i    	Temperature / K --_---- 
(moLk;-") 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0280 1718.57 1719.44 1717.71 1714.99 1713.83 
0.0563 1723.61 1724.58 1722.01 1719.51 1717.41 
0.0850 1728.62 1729.88 1728.29 1725.39 1722.64 
0.1132 1733.15 1736.21 1733.89 1731.00 1729.71 
0.1415 1741.70 1741.09 1748.01 1736.85 1734.66 
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• 303.15K •308.15K •313.15K *318.15K •323.15K 
Fig. 2.3.a. Plot of Specific acoustic impedance (Zx 1O31kg•n1 'f') versus cone. of L• 
Lysine mono HCL in I mola! aqueous solution of SA salt at T = (303.15 to 323.15) 
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Conxn6atlon (m /nnl-kg' ) 
• 303.15K • 308.15K • 313.15K x318.15K •323.15K 
Fig. 2.3.b. Plot of Specific acoustic impedance (Zx10'/kg•m''•s"') versus conc. of L-
Lysine mono HCL in 1 mola! aqueous solution of PA salt at T = (303.15 to 323.15) 
L 
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Fig. 2.3.c. Plot of Specific acoustic impedance (ZxI0s/kg-m"1•s1) versus 
concentration of L-Lysine mono hydrochloride in 1 metal aqueous solution 
of CA sail atT=(303.15to323.15)K 
1690 
1680 
~' 6 1670 
1660 
° 1650 
1640 
rw 1630 - 
0 	0.05 	0.1 	0.15 	0.2 
Concentration (m /nnhk8'') 
• 303.151( •308.I5K s313.15K x31815K •323.15K 
Fig, 2.3.d Plot of Specific acoustic impedance (Zx103/kg•ni 2•s') versus cont. 
of L Arginine in 1 rnolal aqueous solution of SA salt at T = (303.15 to 
323.15) K. 
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.303.15K ■308.15K 1 313.15K x318.15K •323.15K 
Fig. 2.3. e. Plot of Specific acoustic impedance (Zx I O3/kg•m"2•s') versus cone 
of L-Arginine in 1 molal aqueous solution of PA salt at T = (303.15 to 
323.15) K. 
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.303.15K .308.15K •313.15K *318.15K • 323.15K 
Fig. 2.3.f. Plot of Specific acoustic impedance (Zx IO3/kg•m'2•s') versus cone 
of L-Arginine in I molal aqueous solution of CA salt at T = (303.15 to 
323.15) K. 
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Concentration (m /moi•kg 1 ) 
• 303.15K ■308.15K £313.15K x318.15K •323.15K 
Fig. 2.3.g. Plot of Specific acoustic impedance (Zx IO3/kg•m 2•s"') versus conc. 
of L-Histidine in 1 molal aqueous solution of SA salt at T = (303.15 to 
323.15) K. 
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0 	0.05 	0.1 	0.15 	0.2 
Concentration (m /mol•kg I ) 
• 303.15K ■308.15K •313.15K x318.15K .323.15K 
Fig. 2.3.h. Plot of Specific acoustic impedance (Zx I03/kg•ni 2•s'') versus cone 
of L-Histidine in I molal aqueous solution of PA salt at T = (303.15 to 
323.15) K. 
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Fig. 2.3.1. Plot of Specific acoustic impedance (Zxs031kg•ni 1•1') Versus cons. 
of L-Histidine in 1 no/a/ aqueous solution of Cl salt at T = (303.15 to 
323.15) K. 
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Table 2.5.a. Relative association (R-1) of L-Lvsiite ,Morro hydrochloride in / 
molal aqueous solution of Sf1 stilt as a function of cone. at 7' _ (303.15 to 
323.15) K. 
m /  	Temperature / K 	 - 
(rno%kt ') 	303.15 	308.15 	313.15 	318.15 	323.15 
(1.0291 1.001255 1.001028 1.000382 1.001176 1.001 ,91 
0.0584 1.001258 1.001319 1.000084 1.002064 1.001 ,14 
0.0890 1.001719 1.002361 1.001126 1.001875 0.999951 
0.1181 1.001194 1.001920 1.002155 1.002604 0.993235  
0.1480 1.002466 1.001492 1.000799 1.002917 0.993944 
Table: 2.5.h. Relative association (R-1) of L-L►sitte i»otto Indrochlorirle in I 
m olal aqueous solution P1 stilt as a function of code. tit T = (303. 1 i to 
323.15) K. 
m / 	--- 	------ 	Temperature / /i - 
(mo/.kg") 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1.000325 1.000771 1.000708 1.000507 1.001219 
0.0580 I.000205 1.001832 1.000180 1.000211 1.001468 
0.0879 1.000534 1.000575 1.001124 1.000779 1.001756 
0.1173 1.000492 1.001214 1.001773 1.002115 1.002503 
0.1470 1.000639 1.002163 1.001988 1.002021 1.003W 7 
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Table 2.5.c. Relative association (RA) of L-Lysine mono hydrochloride in I 
molat aqueous solution of Cu salt as a function of cone. at T ° (303.15 to 
323.15) K. 
in / 
(moLkg') 303.15 308,15 
Temperature / K 
313.15 318.15 323.15 
0.0281 0.995463 0.994567 0.996242 0.996860 0.998559 
0.0564 0.994673 0.994495 0.995738 0.996569 0.998688 
0.0850 0.995048 0.994878 0.996039 0.996864 0 998 335 
0.1141 0.995462 0.995065 0.996235 0.997317 0.998751 
0J429 0.995632 0.995336 0.996377 0.997296 0.998881 
Table 2.54. Relative association (Rd) of L-Arginine in I molal aqueous 
solution of SA salt as a function of cone. at T = (303.15 to 323.15) K. 
m / Temperature /K 
(moLkg') 303.15 308.15 313.15 318.15 323.15 
0.0291 1.000258 0.998839 0.999157 0.997997 0998149 
0.0585 1000746 0.999321 0.999178 0.998651 0.998485 
0.0882 0.999974 1.000333 0.999415 0999571 0.99236 
0.1179 1.000669 1.000899 1.000252 1.000385 1.000072 
0.1478 1.000947 1.001441 1.001021 1.001125 1.000769 
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Table 2.5.e. Relative association (Rf1) of L-Arginine in 1 irrolal aqueous 
solution of Pal salt (IS  a fiInctiof of conc. at T = (303.15 to 323. / S) K. 
in / 	 Temperature / K 
(rnrol.k "') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1.000014 1.000781 1.0003 32 1.000091 1.000776 
0.0581 1.000728 1.001664 1.000938 1.001 309 1.001303 
0.0874 1.001068 1.002051 1.001686 1.000793 1.001586 
0.1171 1.001830 1.0024 37 1.002288 1.001160 1.002142 
0.1471 1.0020 36 1.002714 1.002612 1.001802 1.002061 
Table 2.5.f Relative association (RI) of L-tir inine in 1 11101(11 (igUeoUUs 
solution of CA salts as a function of cone. at T = (303.1 to 323.15) K. 
in / 	 Temperature / K 
(inol.kl;-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0281 0.994473 0.994771 0.996091 0.9974 33 0,999070 
0.0565 0.994817 0.995229 0.996143 0.997179 0.998653 
0.0852 0.994970 0.995227 0.996330 0.997387 0.998654 
0.1139 0.994926 0.995306 0.996387 0.997649 0.998989 
0.1428 0.994977 0.995237 0.996570 0.997874 0.999036 
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Table 2.5.g. Relative association (RA) of L-Histitlirle in I molal aqueous 
solutions of SA salt as a functioi: of cane. at T = (303.15 to 323.15) K. 
lit /    	Temperature / K - 
(ntoLkg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 0.999167 0.997678 0.998771 0.998355 0.997889 
0.0585 0.999682 0.997806 0.998526 0.9983 31 0.997704 
0.0879 1.000300 0.998163 0.998868 0.998556 0.997796 
0.1176 1.000619 0.998605 0.999130 0.999024 0.998017 
0.1474 1.000981 0.998887 0.999408 0.999255 0.998584 
Table 2.5.h. Relative association (R1'l) of L-Histidline in 1 rnolal aqueous 
solution of PA salt as a function of cone. at T= (303.15 to 323.15) K. 
In / 	 Temperature / K 
(,trol.k -') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 0.999704 1.000145 1.000263 1.00005 5 1.000625 
0.0580 0.999271 1.000247 1.000452 I.0002 )9 1.000748 
0.0875 0.999131 1.000508 1.000419 1.000508 1.000354 
0. 1168 0.999535 1.000805 1.000606 1.000425 1.0008 33 
0.1463 0.999003 1.000624 1.000455 1.000451 1.001131 
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Table 2.5.i. Relative association (R~1) of L-Hlsttdine in 1 molul aqueous 
solution of *C/t salts as a function of conc. at 1' = (303.15 to 323. 15) K. 
-- 	- 	- - 	 --- 
 
in / 	 Temperature / K 
'mnol.kg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0280 0.995750 0.995990 0.997173 0.998 362 0.999667 
(1.0563 0.996387 00996612 0.997961 0.999113 1.000606 
0.085() 0.997031 0.997204 0.998369 0.999601 1.001224 
0.1132 0.997643 0.997478 0.998785 1.000017 1.001362 
0.1415 0.997489 0.9980 31 1.004406 1.000391 1.001914 
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protein thus increasing its stabilization. 
CONCLUSION 
On examining the results of' all these parameter which we evaluated 
from our experimental and calculative works, we can conclude that the 
interaction between solute and solvent molecules occurs and it would increase 
on increasing the chain length ol'amino acids. From the series of amino acids 
taken bN us L-lysine monohvdrochloride. I.-histidine and I.-arginine. I.-Ivsine 
mono-hydrochloride is found to be more reactive than rest of the two, while 
among the salts which we have studied SA. PA and CA. the solute-solvent 
interaction with the amino acids is In the tollowing order: 
Ca ( CI ,C00), - K ((H3000) -> Na(CI 13C(X)). 
-- 	 124 
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Viscometeric Investigation of a-Amino Acids in 
Different Acetate Salts Solution at Different 
Temperatures 
INTRODUCTION 
l'hc study of tkcrmodynamic stability 0f' native structure of proteins has 
proved quite challenging 111. Salt solutions have large effect on structure and 
properities of proteins including their solubility. denaturation Ind (lissociation 
into subunits. Amino acids are fundamental units of protein. but I.-amino acids 
:Ire used in ntanv biol(n.ical acti\ ities in humen hod' like metabolism, 
transaniination and decarboxilation. on the other hand 1.-amino acids are also 
in volved in intracellular metabolism and they also operate specific transport 
s\ stems of the plasma membrane, 
Viscosity studies of solutions provide valuable intorn»atton regarding 
the solute-solvent interactions. The study of these model compounds (amino 
acids) in aqueous salt solution is more significant in undcrsatnding the effect of 
salts on biomolecules. Various workers studied interaction between some 
amino acids and simple salts [2-51 which act as stabilizer /destabilizer.There 
are only few studies represented about properities of amino acids in organic 
salts-water mixture [6-1 11 probably clue to complex nature of their intractions. 
Sodium acetate is known to influence the dissociation of protein in solution 
1 and cause salting-out Of nonelectrolyte 1131. Therefore. it is intrestin to 
investigate the behaviour of model compounds of proteins in aqueous acetate 
salts. 
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In present chapter we shall discuss the salts which were used during the 
experimental work named sodium acetate, potassium acetate and calcium 
acetate as follows; 
Sodium acetate; 
Sodium acetate (also sodium ethanoate) is the sodium salt of acetic acid. 
It is an inexpensive chemical produced in industrial quantities for a wide range 
of uses. As the conjugate base of a weak acid, a solution of sodium acetate and 
acetic acid can act as a buffer to keep a relatively constant pH. 
0  i••t • A0-  Na+  
Sodium acetate can be used to form an ester with an alkyl halide such 
as bromoethane: 
H3C-COO- Na4 + Br-C112--CH 3 —1 113C-COO-CH2-C H3 + NaBr 
In such a reaction, the sodium acetate is usually complexed with 
caesium in order to increase the nucleophilicity of the carboxylate group. 
Sodium acetate can be used to create "hot ice", in which water is supersaturated 
with it, cooled down, and then a small amount of sodium acetate is added. 
Potassium acetate; 
Potassium acetate (CH3COOK) is a chemical compound, which can be 
prepared by reacting a potassium-containing base such as potassium 
hydroxide or potassium carbonate with acetic acid: 
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0 
H3C"0 K 
Potassium acetate is used as part of replacement protocols in the 
treatment of diabetic ketoacidosis because of its ability to break down into 
bicarbonate and help neutralize the acidotic state. 	In molecular 
biology potassium acetate is used to precipitate dodecyl sulfate (DS) and DS 
bound proteins, allowing the removal of proteins from DNA. It is also used as a 
salt for the ethanol precipitation of DNA. Potassium acetate is used as a food 
additive (preservative, acidity regulator) found on food labels in the European 
Union. Potassium acetate is used in mixtures applied for tissue preservation, 
fixation, and mummification. 
Calcium acetate; 
The chemical compound calcium acetate is the calcium salt of acetic 
acid having formula Ca (C2H302)2. Its standard name is calcium acetate, while 
calcium ethanoate is the systematic IUPAC name. An older name is acetate of 
lime. The anhydrous for is very hygroscopic; therefore the monohydrated Ca 
(CH3COO)2.H20 is common form. 
L"O12
Ca2  ' 
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In kidney disease, blood levels of phosphate may rise 
(called hyperphosphatenlia) leading to bone problems. Calcium acetate binds 
phosphate in the diet to lower blood phosphate levels. A side effect of this 
treatment includes upset stomach. Calcium acetate is used as a food additive, as 
a stabilizer. buffer and sequestrant. mainly in candy products. It also neutralizes 
fluoride in \eater. 
I'he present work is a continuation of our research program on the 
thernloth namic studies on (amino acid salt +- water) ternary systems (14,15 . 
I lore we studied the s isconletric behaviour of' L-lysine nlonohvdrochloride. L-
histidine and L-arginine in I ni (mol-kg") aqueous solutions of sodium acetate 
(SA). potassium acetate (PA) and calcium acetate (CA) at 303.1. 308.15, 
313. 15. 318.15. and 323. 15 K. and with the help of these results we calculated 
Falkenhagen coefficient. (A). Jones-Dole coefficient. (B) and other parameters 
like relative \iscosit\ and specific viscosity of the solution. 	the results are 
interpreted in terms of' solute-solute and solute-solvent interactions occurring in 
the rvstclll hinder in CrtbLation and also in terms of structure-making / breaking 
ability of solute in these salt solutions. 
RESL;L S AND DISCUSSION 
he measured viscosity values for the ternary solutions (amino acid 
I.0 mofkg' aqueous SA. PA and CA solutions) (amino acid: L-D'sII1e 
monohvdrochloride, I.-histidinc. and L-arkginine.) as function of' amino acid 
concentration and temperature (303.15. 308.1 5, 313.15. I 18.15. and 323,15) K 
are listed in !able 3.1. (a-i). 
the viscosity values of amino acids in I 	(nlol•kg'l ) aqueous SA. PA 
and CA solutions decrease IVltli increase in temperature. I he forces of' 
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Table 3.1. a. Viscosity, (q x I0/ N•s •ni `') of L-Lysine mono It ydrocltloride in 1 
mol•A,-/ aqueous solution of £ 1 salt (IS a function of cone. (II 1 = (303.15 to 
323.15) K. 
in / 	 Temperature / K 
(limo!•kg-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.0950 1.0050 0.9052 0.8010 0.7210 
0.0291 1.1070 0.9980 0.9121 0.8259 0.7370 
0.0584 1.1180 1.0220 0.9290 0.8401 0.7560 
0.0880 1.128. 1.0290 0.9470 0.8587 0.7790 
().1181 1.1409 1.0390 0.9580 0.8703 0.8029 
0.1480 1.1611 1.0560 0.9790 0.9000 0.8270 
Table' 3.1.b. Viscosity (11x 1(1 / V s•»t) of L-Ll•ihc' mono h'e1roo1oride in 
	
mot-k -" 	aqIIeOus solIIt!oV of P1 stilt us ala/te•1ioH of Colic. tit T = (303.1 i 
to 323. 15, K. 
in / 	 Temperature / K 	 - 
(mol. k;"') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 0.9750 0.8864 0.8050 0.7190 0.6550 
0.0289 0.9916 0.9084 0.8159 0.7.136 0.6670 
0.1)580 1.0190 0.9230 0.8234 0.7532 0.6891 
0.0879 1.033O 0.9340 0.8314 0.7701 0.7029 
0.1173 I.0490 0.9440 0.9620 0.7854 0.71 1 R 
0.1470 1.0590 0.9631 0.8870 O.8146 11.7280 
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Table 3.1. c. Viscosity (t, x 10/ N•s•ni ') of L-Lysine mono lr ydrochloride in 1 
	
»to!-kti-1 	aqueous solutio» of CA salt as a function o/ colic. at T = (303. /5 
to 323.15) K. 
nt % 	 ----- 	--- Temperature / K - - 	-- - 
(mol.k; l ) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 I.5450 1.4121 1.2650 1.1274 0.9990 
0.0281 1.5680 1.4171 1.2870 1.1371 1.0180 
0.0564 1.6033 1.4580 1.3170 1.1680 1.0380 
0.0850 1.6340 1.4880 1.3512 1.1960 1.0610 
0.1141 1.6480 1.5090 1.3530 1.2140 1.0800 
0.1429 1.6760 1.5350 1.4025 1.248() 1.1230 
Table 3.1.d. Viscosity (1)X1(1 '/.V•s•nt 2 ) of L-Ar'ittittc' in I tno/ /t' g" aqueous 
soltttion of S,1 salt its a fttttctioll of co,rc. at T = (303.15 to 323. /5) K. 
in % 	 Temperature / K 
(moLkr; ') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.0950 1.0050 0.9052 0.8010 0.7210 
0.0291 1.1240 1.0166 0.9220 0.8170 0.7290 
0.0585 1.132)0 I.0 342 0.9360 0.8300 0.7450 
0.0882 1.1570 1.0585 0.9600 0.8630 0.7690 
0.1179 1.1740 1.0721 0.9770 0.8740 0.7920 
().1478 1.1985 1. 1100 1.0040 0.8990 0.8160 
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Table 3.1. e. Viscosity (tl x 10i;/ :V•s-ni j of L-f1 rg inine in I mol•kn"'aqueous 
solution of PA salt as a f omt•fioW of toRc. at T = (303.15 to 323.15) K. 
in / 	 Temperature / K 
(moI kg-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 0.9750 0.8864 0.8050 0.7190 0.6550 
0.0289 0.9840 0.9030 0.8310 0.7422 0.6690 
0.0581 1.0030 0.9230 0.8451 0.7612 0.6860 
0.0874 1.0250 0.9390 0.8670 0.7750 0.7090 
0.1171 1.0371 0.9512 0.8770 0.7950 0.7230 
0.1471 1.0508 0.9690 0.8900 0.8200 0.7380 
Table 3.1.f. Viscositl , (t/x10 ;/:V•s•tn) of L-/Irginine in 1 mol•k, ' aqueous 
solution of Cpl salt as rt func•lion of conc. at T = ('303.15 to 323.15) K. 
in / 	 Temperature / K 
(nsol.A- -') 	31)3.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.5630 1.4121 1.2650 1.1274 0.9990 
0.0281 1.5760 1.4340 1.2840 1.1410 1.0100 
0.0565 1.6124 1.4660 1.3000 1.1600 1.0270 
0.0852 1.6440 1.5010 1.3370 1.1900 1.0610 
0.1139 1.6460 1.5080 1.3 520 1.2090 1.07 30 
0.1428 1.6670 1.5280 1.3655 1.2320 1.0920 
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Table 3.1.;. Viscosity (t/ x 1(1-'/ iV•s-ni) of L-tlistiditte in / mol•k;"' aqueous 
solution of SA salt as a fimclion of cone. tit T = (303.15 to 323.15) K. 
in / Temperature / K 
(mol.kg-') 303.15 308.15 313.15 318.15 323.15 
0.0000 1.0950 1.0050 0.9052 0.8010 0.7210 
0.0291 1.1010 1.0160 0.9200 0.8180 0.7340 
0.0585 1.125() 1.0250 0.9320 0.8410 0.7480 
0.0879 1.1468 1.0380 0.9558 0.8600 0.7640 
0.1176 1.1600 1.0580 0.9619 0.8680 0.7890 
0.1474 1.1820 1.0820 0.9855 0.8926 0.8220 
Table 3.1.h. Viscosity (!1x1(J ;/:Vs•nt) of L-His!irli,,e in / n'101- g ' aqIICOUs 
solution of*P/I salt as a function of cone. at T = (303.15 to 323.15) K. 
in ' 	 Temperature / K 
(nwl.k,,- ') 	303.15 	308.15 	3/3.15 	318.15 	323.15 
0.0000 0.9750 0.8864 0.8050 0.7190 0.6550 
0.0289 0.9810 0.8950 0.8140 0.7290 0.6730 
0.0580 1.0010 0.9140 0.8350 0.7480 0.6880 
0.0875 I.0230 0.9330 0.8570 0.7840 0.7070 
0.1169 1.0420 0.9445 0.8760 0.8030 0.7290 
0.1463 1.0610 0.9650 0.9017 0.8260 0.7600 
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Table 3.1.i. Viscositti' (,1x104/ N•s•nt ') of L-Histidine in 1 nwl k -iaqueous 
.solution o[(:A salt as a ftinctiun of cone. ut T = ('303.15 to 323.15) K. 
- - nr . 	 Temperature / K - - 	-- ---- 	- 
(mul.k;-1) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0000 1.5630 1.4121 1.26 	0 I.1274 0.9990 
0.0280 1.760 1.4290 1.2601 1.1670 0.9740 
0.0563 1.6000 1.4460 1.2x00 I.1550 I .0010 
0.0850 1.6420 1.463 1.308O 1 .1 740 1.0320 
0.1 132 1.6450 1.4800 1.3290 1.1890 1.0700 
0.1415 1.6740 1.5320 1.3740 1.2518 1.0990 
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Fig. 3.1. a. Plot of Viscosity (q x 10.3/ N•s.m 2) versus cone of L-Lysine mono 
hydrochloride in I mol-kg' aqueous solution of SA salt at T = (303.15 to 
323.15) K. 
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Fig. 3.1. b. Plot of Viscosity (q x 10-3/ N•s•m"2) versus conc. of L-Lysine mono 
hydrochloride in I mol•kg' aqueous solution of PA salt at T = (303.15 to 
323.15) K. 
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Fig. 3.1. c Plot of Viscosity (ry x 1(13/ N-s•m 2) versus cons of L-Lysine mono 
hydrochloride in 1 mol•kg ' aqueous solution of CA salt at T = (303.15 to 
323.15) K. 
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ig. 3.1.d Viscosity (gx10'3/N•s•m'2) versus conc. of L-Arginine in 1 mol•kg-1  
queous solution of SA salt at T = (303.15 to 323.15) K.  
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Fig. 3.1. e. Plot of Viscosity (, x 1O 3/N•s•m"2) versus conc. of L-Arginine in I 
mol •kg'' aqueous solution of PA salt at T = (303.15 to 323.15) K. 
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Fig. 3.1.f. Plot of Viscosity (gxlO3/N•s•n1 2) versus conc. of L-Arginine in I 
mol•kg-' aqueous solution of CA salt at T = (303.15 to 323.15) K. 
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mol•kg'' aqueous solution of SA salt at T = (303.15 to 323.15) K. 
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Fig. 3.1. h. Plot of Viscosity (q x 1(J3/N•s •m'2) versus conc. of L-Histidine in 1 
mol•kg' aqueous solution of PA salt at T = (303.15 to 323.15) K. 
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140 
Viscometeric investigation of a-dmino Acids ......! 
attraction, which the moving zwitterions have to overcome, intrinsically 
decrease with increase in the random motion of ions as temperature increases 
as Shown in tigure3. 1 .(a-i).This may cause the fast movement of ions and 
zwitterions into the empty sites. Thus, the increase in temperature increases the 
kinetic energy of molecules, which in turn, decreases the ion-ion and 
zwitterion-ion interactions. Such a decrease in interactions seems to be 
responsible for the decrease in 	viscosity with an 	increase in 	temperature. 
Furthermore, a decrease 	in viscosity 	is quite 	rapid with an 	increase in 
temperature 	as compared to increase 	in viscosity with an 	increase 	in 
concentration of amino acid in solutions. 
The relative viscosity, ( t7) and specific viscosity, (q) have been  
calculated with the help of the solvent and solution viscosity data, on 
employing the following relations, 
rr—~ / 11. 	 (1) 
t1,P — (1) - 11o)!110 	 (2) 
where rl„ and 11 represent the viscosity values of solvent and solution, 
respectively. The values of rl r and i have been listed in Tables 3.2.(a-i) and 
3.3. (a-i) respectively. 
Relative viscosity is an intrinsic property of the solution, which depends 
mainly on the nature of dissolved ions/molecules and on their number in 
solutions. On examining the calculated values of il r (Tables 3.2(a-)) we found 
that it increases with increase in amino acid concentration in all the systems 
studied, but these values do not exhibit any regular trend with temperature. 
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Table 3.2.a. Relative viscosity (1r,x1U/ N•s•m2) of L-Lysine mono 
liydrodtloride in I mohkg' aqueous solution of SA salt as a function of cone. 
at T = (303.15 to 323.15) K. 
m / 
(moPkg3) 303.15 308.15 
Temperature / K 
313.15 318.15 323.15 
0.0291 1.0109 1.0079 1.0076 1.0310 1.0221 
0.0584 1.0210 1.0169 1.0262 1.0488 1.0485 
0.0880 1.0305 1.0238 1.0461 1.0720 1.0804 
0.1181 1.0419 1.038 1.0583 1.0865 1.1135 
0.1480 1.0603 1.0516 1.0815 1.1235 1.1470 
Table 3.2.h. Relative viscosity (q,x10-3/  N-s•nr,) of L-Lysine mono 
Hydrochloride in I ntol•k(' aqueous solution of PA salt as afunction of cone. 
atT=(303.15to323.15)K. 
in / 
(motkg t) 303.15 308.15 
Temperature / K 
313.15 318.15 323.15 
0.0289 1.0170 1.0248 1.0135 1.0343 1.0183 
0.0580 1.0451 1.0412 1.0228 1.0477 1.0520 
0.0879 1.0594 1.0537 1.0327 1.0712 1.0731 
0.1173 1.0758 1.0649 1.0708 1.0925 1.0867 
0.1470 1.0861 1.0865 1.1018 1.1331 1.1114 
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Table 3.2.c. Relative viscosity (I/r x10-;/ N-s-nt) of L-Lysine mnono,  
h.►'drochloride in I mol-kg' aqueous solution of CA salt as ri f lliction of colic. 
at T=(_303.15to323.1i)K. 
in / 	 Temperature / K 	 - 
(mol.kg"') 	303.15 	308.15 	313.15 	318.15 	323.15  
0.028! 1.0031 1.0035 1.0173 1.0086 1.0190 
0.0564 1.0257 1.0325 I.041 1 I.0360 1.0.390 
0.0850 1.0454 1.0537 1.0681 1.0608 1.0620 
0.1141 1.0582 1.0686 1.0695 1.0768 1.0810 
0.1429 1.0722 1.0870 1.1086 1.1069 1.1241 
Table 3.2.d. Relative viscosity (,l,x 10f ;/ N-s-ni of L-/I rginine in I moi'kg / 
aqueous solution of SA salt as (1 function of colic. ut 7' = (303.15 to 323.15) 
K. 
in / 	 Temperature / K 
(n01.kg-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 1.0264 1.0115 1.0185 1.0225 1.0153 
0.0>85 1.0337 1.0290 1.0340 1.0387 1.0376 
0.0882 1.0566 1.0532 1.0605 1.0801 1.0710 
0.1179 1.0721 1.0667 1.0793 1.0938 1.1030 
0.1478 1.0945 1.1044 1.1091 1.1251 1.1364 
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Table 3.2.e. Relative viscosity (?l,x1(1;/N-s-ni2) of L-Arginine in I n wI-kg"' 
aqueous solution of P.1 salt as a function of conc. at T = (303.15 to 323.15) 
K. 
in / _------__- 	- --_  Temperature / K --_-- 
(moLkl;-') 303.15 308.15 313.15 318.15 323.15 
0.0289 1.0071 1.0817 1.0322 1.0322 1.0213 
0.0581 1.0266 1.0412 1.0498 1.0586 1.0473 
0.0874 1.0491 1.0593 1.0770 1.0778 1.0824 
0.1171 1.0615 1.0731 1.0894 1.1057 1.1038 
0.1471 1.0755 1.0931 1.1055 1.1404 1.1267 
Table 3.2.f. Relative viscosity (,l,x 10-;/ N s-m 2) of L-Arl;iiiine in 1 i,rol -ltg' 
agrieous solution of CA salt as a function of conc. at 1' = (303.15 to 323.15) 
K. 
in // 
(mol.kg') 303.15 308.15 
Temperature / K 
313.15 318.15 323.15 
0.0281 1.0083 1.0155 1.0105 1.0120 1.0130 
0.0565 1.0316 1.0381 1.0276 1.0289 1.0300 
0.0852 1.0518 1.0629 1.0569 1.0555 1.0641 
0.1139 1.0 53 I 1.0679 1.0687 I.0723 1.0762 
0.1.128 1.0665 1.0820 1.0794 1.0927 1.0952 
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Table 3.2.g. Relative viscosity (tl,xl0-3/ N•s.mZ) of L-11istidine in 1 rnoLkg' 
aqueous solution of SA sail its o function of cone. at T = (303.15 10 323.15) 
K. 
m / Temperature / K 
(mokkg" t ) 303.15 308.15 	313.15 	318.15 	323.15 
0.0291 L.0073 1.0119 	1.0163 	1.0714 	1.0180 
0.0585 1.0292 1.0209 	1.0296 	1.0460 	1.0374 
0.0879 1.0492 1.0338 	1.0558 	1.0696 	1.0596 
0.1176 1.0612 1.0537 	1.0626 	1.0796 	1.0943 
0.1474 1.0814 1.0776 	1.0887 	1.1101 	1.1400 
Table 3.2.h. Relative viscosity (q.xl  r3/N.s•ni Z) of L-Histidine in I mol k r 
aqueous solution of PA salt as a function of cone, at T = (303.15 to 323.15) 
K. 
m / 	 Temperature / K 
(moLkg'') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1.0102 1.0097 1.0136 1.0139 1.0322 
0.0580 1.0308 1.0311 1.0398 1.0403 1.0552 
0.0875 1.0535 1.0525 1.0672 1.0904 1.0843 
0.1168 1.0731 1.0655 1.0909 1.1168 1.1180 
0.1463 1.0926 1.0886 1.1229 1.1488 1.1656 
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Table 3.2.i. Relative viscosity (?J r XVY 3/1 T.s•rrr z) of L-Histidine in / mol•kg' 
aqueous solutions of C.1 salt as a function of cone. at T = (303.15 to 323.15) 
K. 
III/ 
(moLkg') 303.15 
0.0280 1.0063 
0.0563 1.0217 
0.085() 1.0485  
0.1132 1.0504 
0.1415 1.0689 
Temperature / K 
308.15 313.15 318.15 323.15 
1.0119 1.003 1.0188 1.0110 
1.0240 1.0118 1.0349 1.0220 
1.0365 1.0339 1.0519 1.0330 
1.0480 1.0505 1.0645 1.0710 
1.0849 1.0861 1.1216 1.1001 
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Table 3.3.a. Specific viscositl (11,,,x 1(12/  rV~s•m j of L-LV'sine mono 
/tt'droc%/oriole in 1 rnol•kg' aqueous solution of SA salt as a function of con c. 
tut T=(303.15 11) 323.15) K.  
in i   	 Temperature / K 	----- 
(mol•kh~) 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0291 1.0840 0.7897 0.7565 9.0149 2.1710 
0.0594 2.0572 1.6634 2.5619 4.6542 4.6296 
0.0880 2.9599 2.3324 4.4139 6.7195 7.4454 
0.1181 4.0231 3.2724 5.5115 7.9628 10.2005 
0.1480 5.6929 4.9106 7.5383 11.000 12.8174 
Table 3.3.b. Specific viscosity (?l,,)x 1 U"'/ N•s •m) of L-Li,sine mono 
/,d•c1roclr!orida in 1 t»o/-k/; ' aqueous so!,li/wl of P.1 salt as a fia1wtiwit of cone. 
at T = (303.15 to 323.15) K. 
-- 
 
in / 	----- 	Temperature / K ---- 	- 	-- 
(moLkg') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0289 1.6741 2.4218 1.3359 3.3217 1.7991 
0.0580 4.3180 3.9653 2.2346 4.5539 4.9485 
0.0879 5.6147 5.0964 3.1754 6.6485 6.8146 
0.1173 7.0543 6.1017 6.6125 9.4670 7.9798 
0.1470 7.9320 7.9639 9.2446 11.7481 10.0275 
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Table 3.3.c. Specific viscosity (,J,n x1(f 2/ N•swi- ) oJ L-1 ysine mono 
/wlrochloride in 1 mtol•kg'' aqueous solution of CA salt as « fincliDir of co,tc. 
at T = (303.15 to 323.15) K. 
in /  Temperature / K 
(moLkg-1) 303.15 308.15 313.15 318.15 323.15 
0.0281 0.3189 .3528 1.7094 0.8530 1.8664 
0.056.1 2.5136 3.1480 3.9484 3.4760 3.7572 
0.0850 4.5425 5.1008 6.3795 5.7358 5.8135 
0.1141 5.8221 6.4215 6.5041 7.1334 7.5000 
0.1429 6.7422 8.0065 9.8039 9.6635 11.0419 
Table 3.3.d. Specific viscosity (q x1(12/ N-s-ni 2) of L-Ar;iirine in I iuo/-k1;-1  
aqueous solution of SA salt as a function of cone. at T = (303.15 to 323.15) 
K. 
in / Temperature / K 
(mo%kg-') 303.15 308.15 313.15 318.15 323.15 
0.0291 2.5801 1.1411 1.8221 2.2032 1.5089 
0.0585 3.2686 2.8234 3.2906 3.7349 3.6242 
0.0882 5.3587 5.0543 5.7083 7.4160 6.6320 
0.1179 6.7291 6.2587 7.3490 8.5812 9.3434 
0.1478 8.6358 9.4595 9.8406 11.1235 12.0098 
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Table 3.3.e. Specific viscosity (?/. x10'/N-s•i 2) of L-Elroinine in I nool•k "' 
aqueous solutions of PA salt as a f inctioi► of cone. at T = (303.15 to 323.15) 
K. 
nt / Temperature / K 
(et0Lkg') 303.15 308.15 313.15 318.15 323.15 
0.0289 0.7114 1.8383 3.2188 9.1258 2.0927 
0.0581 2.5922 3.9653 4.7450 5.5439 4.5190 
0.0874 4.6829 5.6017 7.1511 7.2258 7.6164 
0.1171 5.7590 6.8124 8.2098 9.5597 9.1053 
0.1471 7.0232 8.5243 9.5506 12.3171 11.2466 
Table 3.3.f. Specific hiscositv (,!X J(f2 \?. 'ni `) of L-.4 sginine in I inol'kg' 
aqueous soluljo,, of Cl sail as a function of colic. at T = (303.15 to 323.15) 
K. 
in / Temperature / K 
(mol.kg-') 303.15 308.15 313.15 318.15 323.15 
0.0281 0.8249 1.5272 1.4798 1.1919 1.2870 
0.0565 3.0638 3.6767 2.6923 2.8103 2.9211 
0.0852 4.9270 5.9227 5.3852 5.2005 6.0320 
0.1139 5.0425 6.3594 6.4349 6.7494 7.0829 
0.1428 6.2388 7.5851 7.3599 8.4903 8.6996 
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Table 3.3.g. Specific viscosity (,1,,x 10"2/ N s•ni 2) of L-Hislidine in I cool •k ' 
aqueous solution of SA salt as Ii function of cone. at T = (303.15 to 323.15) 
K. 
Temperature / K 
Onol.kl;"') 	303.15 
	
308.15 
	
313.15 	318.15 
	
323.15 
0.0291 0.7266 1.8111 1.6087 1.7115 1.7711 
0.0585 2.8444 2.0488 2.8755 4.3995 3.6096 
0.0879 4.6913 3.2755 5.2940 6.5116 5.6283 
0.1176 5.7759 5.1040 5.8946 7.3733 8.6185 
0.1474 7.5296 7.2089 8.1481 9.9261 12.2871 
Table 3.3.h. Specific viscosity (rl,y,x l0'2/ N•s•ni ') of L-Histidine in I nrol•kg' 
aqueous solution of PA salt as a function of cone. at T = (_303.15 to 323.15) 
K. 
in / Temperature/ K 
(111o/.kg" 1) 303.15 308.15 313.15 318.15 323.15 
0.0289 1.0194 0.9609 1.35(4 (.37(7 3.1204 
0.0580 2.9970 3.0197 3.8323 3.8770 5.2326 
0.0875 5.0831 4.9946 6.3011 8.2908 7.7793 
0.1169 6.8138 6.1514 8.3330 10.4609 10.5624 
0.1463 8.4826 8.1451 10.9460 12.9540 14.2105 
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Table 3.3.i. Specific viscosity (i1x10-2/ N's-ni 2) of L-Histidine in I mol-kg' 
aqueous solution of CA salt as a function of cone. at T = (303.15 to 323.15,i 
K. 
in / 	 Temperature / K 
(moLk;-') 	303.15 	308.15 	313.15 	318.15 	323.15 
0.0280 0.6345 1.1826 0.3937 1.8470 1.0891 
0.0563 2.1250 2.3444 1.1719 3.3766 2.1548 
0.0850 4.6285 3.5121 3.2875 4.9404 3.1977 
0.1132 4.8024 4.5878 4.8157 6.1396 6.6355 
0.1415 6.4516 7.8264 7.9330 10.454 9.0992 
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Similar type of results have been found with the values of rl ;  which 
increase with increase in amino acid concentration but do not exhibit any 
regular trend of variation with temperature in Im (mol kg I)  aqueous SA. PA 
and CA solutions. The increasing trend of Tl, values with an increase in amino 
acid concentration may be due to an increase in the ion-ion and zwitterion-ion 
interactions in solutions. 
The measured viscosity results have been analysed in terms of the Jones-
Dole equation of the following form, 
>l, — tl irlo, = 1+Adrn+B-m 	(3) 
where rl and rl„ are the viscosities of solution and solvent respectively. it, is the 
relative viscosity of the solution. A and B are the Falkenhagcn [17] and the 
Jones-Dole [I8] coefficients, respectively. A and B-coefficients of the equation 
have been obtained from the intercept and the slope values of the linear plot of 
(p/q, — 1) / 4 versus 4m. The values of A and B-coefficients have been given 
in Table 3.4.a and Table 3.4.b respectively. 
The coefficient A is known to be a characteristic of solute [19]. The 
negative values of A-coefficient indicate the presence of very weak solute 
solute interactions. The positive values of A-coefficient found in some of the 
systems apparently indicate the presence of significant solute-solute 
interactions while the B-coefficient can provide direct evidence regarding the 
structural effects of solutes in solutions. 
On close scrutiny of the resultant values of both A and B-coefficients, it 
has been found that the values of A are negative and B-coefficient values are 
positive for all these three amino acids in every system. Since A is a measure of 
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Table 3.4.11. Falkenhageii coefficients (A/,iron/` ') of L-Lysine 
monohVVdrochloride, L-Arginine, L-Histidine in water and in I 1;wl•kg- ~ 
aqueous solution of Sfl, Pfl, CA salts its a finrctioit of Temperature (T). 
	
--- - -- - --- 	-- ----- 
 
Temperature / K 	
- 	-- --- _ 
yr/inDlk; 
303.15 	308.15 	313.15 	318.15 	323.15 
L-Lvsie »nono/iydrocblatide 
Sri -0.0103 -0.0218 -0.0778 -0.0675 -0.0789 
Pt -0.0266 -0.0882 -0.0990 -0.0440 -0.0022 
Cif -0.0981 -0.1153 -0.0375 -0.1114 -0.0568 
L-/l rg inine 
SA -0.1359 -0.0924 -0.0422 -0.0383 -0.1361 
1~A1 -0.0711 -0.0018 -0.01156 -0.0513 -0.0368 
CA -0.0442 -0.0095 -0.0053 -0.0392 -0.0651 
L -Il!still,,e 
Sit -0.0751 -0.0502 -0.0149 -0.0186 -0.1174 
Pal -0.0812 -0.0693 -0.1052 -0.1752 -0.0228 
CA -0.1322 -0.1758 -0.1421 -0.1260 -0.1322 
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Table 3.4. b. Jones-Dole coefficients (B/din•inor') of L-LYsi»e 
iiIonoh1•drothloride, L-Arcinme, L-Histidine in water and in 1 rvo!•kg' 
aqueous solution of S/1, Pal, CA salts as a function of Temperature (T). 
Tempratrire / K 
►wn:olkb ' 
303.15 	308.15 	313.15 	318.15 	323.15 
L-LEcina Ilionoliydroc•hloride 
S.11 0.4066 0.3750 0.7513 0.6003 1.1$9 3 
P/1 0.5596 0.3301 0.8742 0.7433 0.7855 
Cl 0.8053 0.9572 0.8813 I.0470 0.9509 
L-,<1 rl; inine 
S.-1 1.0307 0.9102 0.8206 0.9410 1.2665 
PA 0.7338 0.5915 0.4301 0.7789 0.9907 
CA 0.6070 0.6285 0.6040 0.8360 0.8490 
L-Histidine 
S" I 0.7634 0.6133 0.6231 
P.1 0.8610 0.7928 1.1088 
C l 0.8625 1.12-13 0.8217 
0.7934 0.176O 
1.5107 1.1158 
0.7710 0.7588 
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ionic interaction [201, it is evident that there is a weak ion-ion interaction in the 
solutes molecules, which is indicated by small magnitude of A values. B-
coefficient is known as a measure of order or disorder introduced by the solute 
into the solvent. It also indicates ion-solvent interaction and it is directly 
dependent on the size, shape and charge of the solute molecules. Thus B- 
coefficient values reflect the net structural effect of the solute on solvent 
molecules. The positive value of 13-coefficient in all amino acids suggests the 
existence of strong ion-solvent interaction. The larger values of B-coefficient 
indicate structure making capacity of solute. 
CONCLUSION 
In the present work (viscometric behaviour of L-lysine 
monohydrochloride, L-histidine and L-arginine in Iin (mo1 kg ~) aqueous 
solutions of sodium acetate, potassium acetate and calcium acetate at 303.15, 
308.15, 313.15. 318.15, and 323.15 K.).we conclude from the values of B-
coeflicient that L-lysine monohydrochloride possess strong ion-solvent 
interaction than the other two amino acids(L-agininc, L-histidinc) studied the 
higher value of B-coefficient in I molal calcium acetate salt solution shows 
that the dehydration effect of Cu" is more than that of Nat and K' on these 
amino acids. 
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Volumetric, Ultrasonic and Viscometric Studies of 
Antibiotic (Quinolone) Drug with Amino Acid III 
Aqueous Solutions 
INTRODUCTION 
the area of'quinololes began \\lth the introduction of nalidixic acid in 
1962 for treatment of kidney infections in humans. They have since become the 
most important agents in systemic therapy of infections of the urinar\ and 
respirator\ tract. skin, hones and numerous additional indications. 
In biophysical chemistry, drug-macromolecular Interaction is an 
important phenomenon involving complex molecular mechanism. l cause of 
the complexities associated with the structure of hlo-mat:r(H(+lecnIes or with 
their data interpretation, it is difficult to carry out these processes in 
physiological media. In the case of drug-protein binding, anomalous behaviour 
has been observed \\ ith respect to certain drugs [ 1 1. 	Perceptible 
thermodynamic changes are found to be associated with the processes of drug 
transport, [21 drug-protein binding, [3] anesthesia [4 etc. Consequently. it is 
imperative that each component of these systems 111a\' be studied indiv idually 
before going to more complex systems. Thermodynamic methods are well 
reco~tnized and convenient four studying the molecular interactions in fluids. 
he partial molal volume and pressure derivative of (1ibhs energy are useful 
parameters for interpreting solute-solvent interactions (5. 6 I. Comparison of the 
volume of the system With those of its components can assess gross changes in 
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the volume of the system because it is an additive property. In addition. 
volumetric data can also be interpreted in terms of molecular interactions 
within the system. Various molecular processes in Solutions such as 
electrostriction.[7) hydrophobic hydration.[ 81 and co-sphere overlap during- 
solute-solute interactions have been interpreted, to a large extent. from the 
partial molal volume data of many compounds including amino acids. peptides 
and also some drug compounds[ I. 
Levotloxacin (LF). (-)-(S)-9-fluoro-2.3-dihvdro-3-methyl-I0-(4-methvvl-
I-piperariny1)-7-oxo-7II pvrido [1.2.3-dc]- I .4-benzoxazine-6-carhoxylic  acid 
hemihvdrate, (Fig. I) is one of 	the commonly used tluoroquinolone 
antimicrobials. is the active S-isomer isolated from the racemic otloxacin. 
Because of its excellent antibacterial activity and low Frequency of adverse 
effects on oral administration, levoflo>acin has been v idely used for the 
treatment of infectious diseases, such as community-acquired pneumonia and 
acute exacerbation of chronic bronchitis [9). 
4,4.. 
	- p 	 N 
NN 
HO 
0 0 
Fig. 1. Chemical Structure of hevDJ1oxacin 
In the present study we investigate the \ muu'etrsc. ultrasonic an 
viscometiic behaviour of I.evolloxacin (I,i') in aqucou; and 0.0201 ino' 
(mol•k` ) aqueous solution of L-aspartic acid (Asp) and I.-glutamic acid (G 
Vawutvzric, UItrnsaaic and Visconaetric Shwlie.c ofAmibiotic...,...! 
at 303.15, 30$.15 and 313.15K. 
RESULTS AND DISCUSSION 
The apparent molal volume( ç,  of L.evofoxacin (LF) in aqueous and 
in 0.0201 molal (mol kg ") aqueous solution of amino acids (Asp and Oki) 
solutions at 303.15, 308.15 and 313.15 K were determined from experimental 
density value (given in Table 4.1 a-c) by using the following equations; 
Vqi _ (Mp) — 1000 [(p — Po) ! (m.P.P0)l 	 ( 1 ) 
where p, and po are densities of solution (IF i- solvent) and the solvent (water 
+ amino acids or water), respectively, in is the ntolality (cool kg') and M is 
molar mass of true solute. the values of apparent molal volume are 
mentioned in Table 4.2. (a-c) The values of Vy, in the water-amino acid 
system are comparatively higher than those of pure water (shown in figure 4.2. 
a-c). This is attributed to the fact that amino acid does not penetrate the three 
dimensional structure or water. The values of apparent molal volume at 
infinite dilution (k°2 ) are computed with the help of linear plot of Vo against 
the molality, (m) with using the following equation (2), on further calculation 
with partial molal volume we get transfer volume (AV„) on using equation (3) 
given below; 
Vtp = W, + S, m 	 (2) 
AV, = Y, (in ternary solutions) - V', (in water) 	(3) 
In the above equations r, is the apparent molal volume at infinite 
dilution also known as standard partial molal volume and .S, is the 
experimental slope, A V„ is standard transfer volume. Standard partial molal 
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Table 4.1.n. Densities (p/g-em j) of Levofloxaein (LF) in aqueous solution as 
a fraction of cone. at T = (303.15/0313.15) K. 
m /nroFkg t 
303.15 
Temperature / K 
308.15 313.15 
0.0201 0.99601 0.99440 0.88260 
0.0402 0.99640 0.99479 0.99299 
0.0604 0.99679 0.99517 0.99337 
0.0808 0.99716 0.99554 0.99374 
0.1010 0.99750 0.99590 0.99410 
Table 4.1,5. Densities 1p/n•c•ni 3) of Levoioxacin (LE) in aqueous solution of 
L-Aspartic acid (m = 0.0201) as a function of cone. at T = (303.15 to 313.15) 
K. 
nt/molIcj' 
303.15 
Temperature / K 
308.15 313.15 
0.0200 0.99696 0.99530 099350 
0.0401 0.99708 0.99538 0.99358 
0.0603 0.99720 0.99546 0.99367 
0.0806 0.99731 099553 0.99375 
0.1014 0.99742 0.99558 0.99388 
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Table 4.1. c. Densities (p/a•cni ;) of Levoflo rein (LF) in aqueous solution of 
L-Gl►►ta;nic acid (in = 0.0201) as a fi►►tctio►t of cone. at T = (303.15 10 313.15) 
K. 
Temperature / K 
m /►tto!•kg 	
303.15 	 308.15 
	
313.15 
0.0201 0.99690 0.99528 
0.0402 0.99705 0.99543 
0.0605 0.99720 0.99557 
0.0811 0.99734 0.99571 
0.1015 0.99746 0.99584 
0.99349 
0.99362 
0.99374 
0.99385 
0.99396 
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Fig. 4.1.a. Plot of Densities (p/g•cni3) of Levofloxacin (LF) in aqueous 
solution versus cone at T = (303.15 to 313.15) K 
0.998 
0.997 
,bc 0.996 
0.995 
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Fig. 4.1.b. Plot of Densities (p/g•cmi') of Levofloxacin (LF) in aqueous 
solution of L-Aspartic acid (m = 0.0201) versus cone. at T = (303.15 to 313.15) 
K 
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Fig. 4.1.c. Plot of Densities (p/g•cm 3) of Levofloxacin (LF) in aqueous 
solution of L-Glutamic acid (m = 0.0201) versus cons at T = (303.15 to 313.15) 
K 
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Table 4.2.a. Apparent mole/ volume ([ rp/cni;•mo! ') of Levofloxacin (LF) in 
aqueous Solution as afunction of colic. at T = (303.15 to 313.15) K. 
in /mol•tig' 
	 Temperature / K 
303.15 
	
308.15 
	
313.15 
0.0201 342.24 343.26 343.85 
0.0402 342.28 343.38 343.97 
0.0604 342.67 343.53 344.12 
0.0808 342.94 343.72 344.31 
0.1010 343.33 .43.8D 3 4.44 
Table 4.2.b. Apparent molal volume (v(p/cm;•mof') of Levofloxacin (LF) in 
aqueous solution of L-. l spartic• acid On =1).0211 /) as a functions of cone. at 7' _ 
(303.15 to 313.15) K. 
Temperature / K 
303.15 308.15 313.15 
0.0200 355.42 358.27 359.07 
0.0401 355.80 358.61 359.17 
0.0603 355.92 35$.83 351).26 
0.0806 356?2 359.94 359.34 
0.1014 356.35 359.28 359.39 
165 
yolu metric, Ultrasonic and I iscometric Studies of Antibiotic.......! 
Table 4.2.c. Apparent molal volume (Vrp/crn;-rnor') of LeFotloxacin (LF) in 
aqueous solution of L-G1utwmc acid On = 0.0201) as a function of Colic. at 7' 
=(303.15to313.15) K. 
Temperature / K 	 — —_ 
Ill /I)l0I'lia_l 
303.15 	 308.15 	 3/3.15 
0.0201 354.46 355.64 356.67 
0.0402 354.62 355.69 356.88 
0.0605 354.73 35.73 337.11 
0.0811 334.88 355.80 357.35 
0.1015 355.13 355.87 357.47 
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Fig. 4.2.a. Plot of Apparent molal volume (Vp/cm'•mott) of Levofloxacin 
(LF) in aqueous solution versus cone. at T = (30115:031115) K. 
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Fig. 4,2.b. Plot of Apparent metal volume (Vp/cm3-mof') of Levofloxacin 
(LF) in aqueous solution of L-Aspartic acid (m = 0.0201) versus conc. at T 
(303.15 to 313.15) K. 
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Fig. 4.2.c. Plot of Apparent molal volume (Vqi/cm3-mot') of Levofloxacin 
(LF) in aqueous solution of L-Glutamic acid (m = 0.0201) versus conc. at T 
(303.15 to 313.15) K. 
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Table 4.3.a. Partial molal volume (V 'cm j•mor') of Levofloxacit► (LF) in 
aqueous and aqueous solution of L-ispcirtic acid (-I sp) and L-Glutwnic acid 
(Glum) at T = (303.15 to 313.15) K. 
Temperature / K 
i"Yc to  •Inor 
303.15 308.15 313.15 
Aqs 341.95 343.10 343.69 
Asp 355.26 358.08 359.01 
Glu 354.28 355.58 356.48 
Table 4.3.b. Standard transfer molal volume (J Vtr /ettt*;•tttoT f) of 
Levoflotnc•in (Lf•) itt aqueous solution of L-,lspartic acid ('Isp) and L-
Glutcttnic• acid (Gin) at 7' _ '303.15 to 313.1) K. 
- - --- -- 	- - — 
 
Temperature / K 	 - 
J ! tr /e5in•rttoC l  
	
303.15 	 308.15 	 313.15 
A(Is 	 - 	 - 	 - 
Asp 	 13.33 	 14.98 	 15.32 
Glu 	 I2.33 	 12.48 	 12.79 
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volume and standard transfer volume values are summarized in table 4.3.a-b, 
Positive values of V indicate that this does not restrict molecular motion. 
within the solution. The value of V'2 increases with the increase of 
temperature. 
Ion-ion interactions result in positive AV,~ values, whereas ion-
hydrophobic and hydrophobic-hydrophobic group interactions result in 
negative A i',r values according to the co sphere model I 1 3 ].'l'he present study 
observed higher I "', values for amino acids in various co-solutes as compared 
with their values in water suggest that ion-ion interactions dominate the ion-
hydrophobic and hydrophobic-hydrophobic interactions. 
The adiabatic compressibility (fl) of Levofloxacin (LF) in aqueous and 
in 0.0201 molal (mol'kg 1 ) aqueous amino acids (Asp and (ilU) solution at 
temperatures (303.15 to 313.15) K were determined from experimental density 
and ultrasonic v elocit\ values (Table 4.1 .a-c and Table 4.4.a-c respectively) by 
using Newton-Laplace 1 141 equation given below: 
#, = l/p'tl~ 
	
(4) 
\\-here all the symbols have their usual meaning. 1 he values of adiabatic 
compressibilities (f5) (listed in Table 4.5.a-c) are function of concentration 
(nlol'kg ) and temperature of I.evotloxacin. The study on cluinolones 
concluded that the drug, stays as z vitter ions due to ionization of carboxylic 
group and protonation of piperazinyl group 115]. The values of adiabatic 
compressibility decrease with the increase in temperature and concentration of 
Levotloxacin (1.F) in 0.0201 mol 'kg - aqueous solution of both L-aspartic and 
L-gulutauiic acid (shown in figure 4.5.a-c) which may be clue to ( i ) an increase 
in the number of incompressible molecules,'zwitterlons in solutions and 
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Table 4.4.a. Ultrasonic velocity (L!/ms') of Levojloxacin (LE') in aqueous 
solution as a fTraction of cone. at T = (303.15 to 313.15) K. 
Temperature / K 
at /mol•kg 
303.15 	308.15 	313.15 
0.0201 1510.56 1521.85 1529.50 
0.0402 1513.96 1524.03 1530.26 
0.0604 1516.66 1525.22 1531.06 
0.0808 1518.87 1527.02 1533.25 
0.1010 1521.22 1529.72 1535.01 
Table 4.4.h. Ultrasonic velocity ((.-%m•s ') of Levojloracin (Lf) in L--lspartic 
acid On = 0.0201) aqueous solution as a functions of colic. at T = (303.15 to 
313.15) K. 
Temperature / K 
m /moltip r 
303.15 	308.15 313.15 
0.0200 1515.73 1525.22 1530.16 
0.0401 1517.93 1526.60 1531.20 
0.0603 1518.53 1528.60 1532.90 
0.0806 1522.90 1531.26 1536.76 
0.1014 1524.93 1532.00 1538.50 
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Table 4.4.c. Ultrasonic velocity (L;iin•s) of Levofloxacin (L I) in L-Gluta►nic 
acid (m = 0.02(11) aqueous solution as a function of cone. at 7' = (303.15 to 
313.1 5,) K. 
Temperature / K 
►n /mol•k~; ' 
303.15 	 308.15 	 313.15 
0.0201 1514.63 1522.10 1530.76 
0.0402 1519.30 1524.16 1532.33 
0.0605 1521.46 1529.16 1536.86 
0.0811 1524.26 1531.80 1538.00 
0.1015 1526.83 1.536.13 1540.63 
172 
Volumetric, Ultrasonic and Viscometric Studies of Antibiotic.......! 
1540 
1530 	~- 
1520 
fi 1510 
V 
1500 . 
0 	0.02 	0.04 	0.06 	0.08 	0.1 	0.12 
Concentration (nt mol-kg ') 
• 303.15K ■ 308.15K A313.15K 
Fig. 4.4.a. Plot of Ultrasonic velocity (U/m•s"') of Levofloxacin (LF) in 
aqueous solution versus conc. at T = (303.15 to 313.15) K. 
1540 - 
'•  
1530 	 iii 1:111111 11 
1520- , 	 • fi 
Z 
1510 	 ------  
0 	0.02 	0.04 	0.06 	0.08 	0.1 	0.12 
('oncentrat ion (m mo! kg 1 ) 
• 303.15K ■ 308.15K •313.15K 
Fig. 4.4.b. Plot of Ultrasonic velocity (U/m•s"") of Levofloxacin (LF) in 
aqueous solution of L-Aspartic acid (m = 0.0201) versus cone at T = (303.15 
to 313.15) K. 
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Fig. 4.4.c. Plot of Ultrasonic velocity (U/m•sl) of Levofloxacin (LF) in 
aqueous solution of L-Glulamic acid (m = 0.0201) versus cone. at T = (303.15 
10313.15) K. 
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Table 4.5.a. ;1diahatic compressibility (/1x10 "/nr1•[tir') of Levofloxacin (L F) 
in aqueous solution as a function of cone. at 7' = (303.15 to 313.15) K. 
,fl //./.;u' 
	 Temperature / K 
303.15 	308.15 
	
313.15 
0.0201 44.00 43.40 43.10 
0.0402 43.80 43.30 43.00 
0.0604 43.60 43.20 42.90 
0.0808 43.50 43.10 42.80 
0.1010 43.30 42.90 42.70 
Table 4.5. h. , I diahatic compressibility, (/15 x 10- " /in 	 of Levo/lo i acm (L F) 
in aqueous solution of L-.1 spartic acid (m =0.0201) as a function of cone. « t 
T = (303.15 to 313.15) K. 
Temperature / K
in /molkg' 
303.15 	308.15 	313.15 
0.0200 43.70 43.20 43.01 
0.0401 43.52 43.10 -12.90 
0.0603 43.50 43.00 42.80 
0.0806 43.20 42.85 42.60 
0.1014 43.10 42.80 42.50 
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Table 4.5.c. Adiabatic compressibility (/1,x10-' I/m2•1V') of LevoJloxacin (LF) 
in aqueous solution of L-Glutamic acid (in =0.0201) as (11111w!  WI, of cone. (ii 
T=(303.15 to 313.15) K. 
►►t /mol•kg' 
	 Temperature / K 
303.15 
	
308.15 	 313.15 
0.0201 43.70 43.30 43.00 
0.0402 43.0 43.20 42.90 
0.0605 43.30 43.00 42.60 
0.0811 43.20 42.80 42.50 
0.1015 43.00 42.60 42.40 
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Fig. 4.5.a. Plot of Adiabatic compressibility (f s x 10-"/m2•N) of Levofloxacin 
(LF) in aqueous solution versus cons. at T = (303.15 to 313.15) K. 
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Fig. 4.5.b. Plot of Adiabatic compressibility ( /1X10~  "/m2•N') of Levofloxacin 
(LF) in aqueous solution of L-Aspartic acid (m = 0.0201) versus cone at T = 
(303.15 to 313.15) K. 
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Fig. 4.5.c. Plot of Adiabatic compressibility (Q,x10 "/m2.PT') of Levofioxacin 
(LF) in aqueous solution of,L-Glutandc acid (m = 0.0201) versus conc. at T = 
(303.15 to 313.15) K. 
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(ii) the formation of compact structure of zwitterion—water dipole and 
iss itterion-zwitterion structures in solutions. The decrease in adiabatic 
compressibility values with an increase in temperature in all the systems under 
investigation may he attributed to the corresponding decrease of the 
relaxational part of compressibility 18rc i a„ which is dominant over the 
corresponding increase of instantaneous part of compressibility /3, 1 16. 17 1. 
The adiabatic compressibility values of LF in 0.0201 mol•kg- ' aqueous 
aspartic acid and alutamic acids are less than that of water in the different 
temperatures (T = 303.115 to 313.15 K). The smaller values of /f, for the said 
amino acid solutions than that of water may be attributed to ions-water dipoles 
and ions-zwitterions interactions In the solutions, which ultimately may lead to 
an overall increase in cohesive forces in solutions. 
The experimental values of' viscosity (q) are measured at difTerent 
temperatures for It in aqueous and in two different amino acids (asp and glu) 
solutions (listed in Table 4.6.a-c). The viscosity data of these solutions are used 
to calculate the B-coefficients with the help of well kno\\ n Jones-l)olc [181 
equations shown below. 
►J, _ 11/ 110 = ]+ A vin - Bun 	 ( ?) 
\\here in is the concentration (mol•kg 1 ). ll and q, are the viscosities of' solution 
and solvent respectively. I1 r is the relative viscosity of the solution. The B-
coefficients value has been given in Table 4.7.a. 
Viscosity data are analyzed in terms of Jones-Dole equation. Positive B 
values indicate a strong alignment of solvent molecules With those of the solute 
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Table 4.6.a. Viscosity (11x10/ Ns•m 2) of Levofloxaciir (L F) in aqueous 
solution as a function of cone. at T = (303.15 to 313.15) K. 
/ Temperature / K 
nr /mol•kg r 
303.15 308.15 313.15 
0.0201 0.8016 0.7208 0.6598 
0.0402 0.8108 0.7347 0.6690 
0.0604 0.8205 0.7537 0.6859 
0.0808 0.8486 0.7878 0.6975 
0.1010 0.8662 0.8061 0.7154 
Table 4.6.b. Viscosity (11x10/ \'•s•m"2) of Levofloxcrci'r (L F) in aqueous 
solution of L-Aspartic acid On = 0.0201) as a function of cone. at T = (_303.15 
to 313. 15) K. 
- ----- ~ Temperature / h" -_ ~ ---- 	- 
303.15 308.15 31.3.15 
0.0200 0.8407 0.7746 0.6848 
0.0401 0.8528 0.7922 0.6938 
0.0603 0.861 3 0.7951 DM995 
0.0806 0.8765 0.81 1 1 0.7145 
0.1014 0.8896 0.8321 0.7482 
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Table 4.6.c. Viscosity ('IX10-3/ iV•s•mmr-2) of Levofloxacin (LF) in aqueous 
solution of L-Glutamic acid (r» = 0.0201) crs at function of c•oise. at T = 
(303.15 to 313.15) K. 
Temperature / K 
in /mol•kg 
303.15 	308.15 	 313.15 
0.0201 0.8192 0.7386 0.6821 
0.0402 0.8246 0.7428 0.6873 
0.0605 0.8332 0.7513 0.6909 
0.0811 0.8575 0.7714 0.6962 
0.1015 0.8705 0.8139 0.7284 
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Fig. 4.6.a. Plot of Viscosity (gx1O 3/N•s•ni 2) of Levofloxacin (LF) in aqueous 
solution versus conc. at T = (303.15 to 313.15) K. 
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Fig. 4.6. b. Plot of Viscosity (q x 10--'IN-s •ni 2) of Levof oxacin (LF) in aqueous 
solution of L-Aspartic acid (m = 0.0201) versus conc. at T = (303.15 to 
313.15) K. 
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Fig. 4,6.c. Plot of Viscosity (gxl(J3/N•s•ni1) of Levofloxacin (LF) in aqueous 
solution of L-Glutamic acid (m = 0.0201) versus cons. at T = (303.15 to 
313.15) K. 
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Table 4.7.a. Viscosity B-coefficient (B/g•mo!') of Levofloxaci►r (LF) in 
aqueous and aqueous solution of L-Aspartic acid (Asp) and L-Glr►tnmic acid 
(Glu) at T = (303.15 to 313.15) K. 
Temperature / K 	- 
Big•»nor' 
303.15 	308.15 	313.15 
Aqs 0.1384 0.1244 (L1198 
Asp 0.3072 0.2668 0.2516 
Glu 0.1764 0.1546 0.1495  
Tuble 4.7.b. ii ydration ivumber (H,d of Levofloxacin (L F) in aqueous and 
aqueous solution of L-.ispartic acid (Asp) and L-Glutm►►ic• acid (Glt►) at T = 
(303.15 to 313.15) K. 
Temperature / K 
H„ 
303.15 308.15 313.15 
Aqs 0.4047 0.3626 0.3486 
Asp 0.8645 0.7450 0.7008 
Glu 0.4979 0.4348 0.4194 
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[ 19-231 B-coefficient values decreas with rise in temperature. (as shown 
in Table 4.7.a) to indicate the structure-promoting tendency of compound. The 
hydration of solute is judged from the value of the hydration number. (H„), 
which can he calculated by the following expression; [24J (eq. no 6) 
H„ =B/  V"', 	 (6) 
l'he observed values of I-1„ < 2.5at low temperatures (table 4.7.b) 
indicate that levofloxacin in not veryydrated in aqueous as well as amino 
acids Solutions because a value higher than H„ -- 2.5 is an indication of 
hydrated species [241. 
CONCLUSION 
In summary, we have presented volumetric, ultrasonic and viscometric 
properties of Quinolone drug. namely, levofloxacin in aqueous and amino acids 
(Asp and (lu) solutions. The density values increase with an increase in 
molalitv of solute and decrease with an increase in temperature for the systems 
under investigation. The adiabatic compressibility decreases with an increase in 
the levofloxacin concentration as well as temperature. The values of the partial 
molal volume in dilute aqueous solutions are positive. indicating strong solute-
solvent interactions with amino acids. Jones-Dole viscosity B-coefficients of 
this drug are positive, indicating a structure-promoting tendency with the 
solvent (amino acids) used. 
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flumetric Behavior on Interactions of a-Amino Acids with Sodium Acetate, 
-tassium Acetate, and Calcium Acetate in Aqueous Solutions 
uai Akhter Siddique and Saecda Naqvi• 
tarrment of Chemistry, Aligarh Muslim University, Aligarh- 202002. (U.P) India 
The apparent molar volumes (V,) of t.-lysine monohydrochlmide, L-histidine, and r.-arginine in water and 
in aqueous of sodium acetate, potassium acetate, and calcium acetate solutions have been determined at 
temperatures from (303.15 to 323.15) K from density measurements. The partial molar volumes at infinite 
dilution (Y ;^) obtained from Vy data have been used to calculate the transfer volume (AV) of amino acids 
in water and in the presence of the cosolutes at different temperatures. These parameters have been discussed 
in terms of various interactions between the a-amino acids and organic salts in these solutions. The dehydration 
effect of sodium, potassium, and calcium acetates has also been discussed. 
Introduction 
Interaction of proteins with their surrounding environment 
plays an important role in their conformational characteristics. 
These interactions are mainly those between the protein 
molecules and the solvent ions. Most of these interactions, such 
as hydrogen bonding and electrostatic interactions, have non- 
covalent namm. The study of these interactions provides 
important insight into the confotmahonal stability and folding) 
unfolding behavior of globular proteins) In get a better 
understanding of these interactions, various low molecular 
weight model compounds, such as amino acids and peptides, 
have been studied because of the complexities of proteins and 
infeasibility of direct thermodynamic studies. 
Amino acids belong to an important family of biomolecules, 
which serve primarily as basic building blocks of proteins. 
Because proteins are large complex molecules, direct study of 
protein-electrolyte interactions is difficult. It is therefore useful 
to investigate the interaction of model compounds such as amino 
acids, peptides, and their derivatives that constitute pan of the 
protein stmclures.'-a Solution studies of amino acids with their 
surrounding environment play an important role in conforma-
IJonal characteristics of proteins. 
A survey of the literature showed that many studies on 
physicnchemiwl ptmeniev of amino acids have been reported,'-Os 
but these studies have focused only on the solution behavior of 
amino acids having nonpolar side chains. Thus, it will be of 
significance to examine the solution behavior of amino acids 
having polar side chains. Moreover, there are only a few studies 
of the properties of amino acids in aqueous organic salt 
solutions,162 probably due to the complex nature of their 
interactions. Partial molar volumes and expansibilities are known 
to be insightful to the nature of hydration, which is temperature 
dependent 7litrs, these studies are of better help in characterizing 
the stmcnne and properties of solutions, which give vital 
information for understanding the nature of the action of 
biomolecules in the body. 
Kishore and Singh's have studied the effect of sodium acetate, 
sodium sulfate, and sodium tMocym[am on the stability of 
lysozyme and a-lacalbumin and suggested that sodium acetate 
Corresponding author. &maiZ drsxeedanayvi~Agmc]  
stabilizes these proteins. Robinson and Jencks" studied the 
effect of concentrated salt solutions on the activity coefficients 
of actyltcangIyclnc ethyl ester and renmoended that the 
acetate and trimuhylaeetate ions exert salting-out effects, 
whereas the trichlomacelxte ion exerts a salting-in effect on the 
stability of proteins. Some other worker s't,"' `,"' also have 
uwestigatcd the effect of sodium acetate and many other acetate 
salts on the physicochemical propedles of amino acids and 
peptides. 
In the present work, we have studied the effect of sodium 
acetate and other members of the acetate salt series, namely, 
potassium acetate and calcium acetate, on the physicochemical 
properties of amino acids with charged side chairs. Volumetric 
studies of t.-lysine moonhydrnehlnride, r.-argtnine, and L- 
histidine have been carried out in aqueous solutions of sodium 
acetate (SA). potassium acetate (PA), and calcium acetate (CA). 
Apparent molar volumes of these amino acids in aqueous 
solutions o(SA, PA. and CA at (303.15, 308.15, 313.15, 318.15, 
and 323.15) K have been determined from density measure- 
ments. From these data, partial molar volume and transfer 
volume have been calculated. These parameters are discussed 
in terms of varimix interactions going on in these solutions with 
particular concern on the polar and charged side chains of these 
amino acids. 
Material and Methods 
L-Lysine monohydrochlodde (2 99%), i 4iistidine (? 99 %), 
and t-arginine (2 99 %) and the salts sodium acetate (a 99 %) 
and potassium acetate (a 99 	of high purity were from Siscn 
Research Laboratories, India, and E. Mac (India), Ltd., 
respectively, while calcium acetate (? 99 %) was from Qualigen 
India, Ltd. of GlaxoSmilbKline India. These chemicals were 
used without further purification. However, they were dried in 
a vacuum desiccator over P205 for 721, before use. The triplicate 
distilled water (with the specific conductivity of 1.29 x 10-x 
was used for making all the amino acids and Stock 
solution. The weighing was done on an electronic balance 
(model: GR-202R. AND Japan) with a precision of ± 001 mg. 
All the solutions were stared in special airtight bottles to avoid 
the exposure of solutions to air and evaporation. 
Densities of the mixed solvent and amino said solutions were 
measured using a single-capillary pycrwmter (made of Bore- 
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Table L Densities (plg•cm s) and Apparent Molar Volume (Vdcm3'moI- ') of t..Lysroe Monohydrochlorlde, t.-Arginine, and t.-Histidine in 
Water and in Aqueous Solution of SA, PA, and CA Salts as a Function of Concentration (mol•kg- ') at T = (303.15 to 323.15) K 
In 
inol-kg'' 
TIK=303.15 
P 	yo 
g•cm-1 	cm3 mol"' 
T/K=308.15 
P 	V. 
g•cm' 	cm3 mol - ' 
T/K=313.15 
P 	V. 
g•cm 3 	cm3 mol" 
T/K=318.15 
P 	yo 
g•cm 3 	cnr'•mol - ' 
T/K=323.15 
P 	Vm 
g•cm j 	c&•mol'' 
L-Lysine Monohydrochloride in Aqueous Solution 
0.0000 0.9956 - 0.9940 - 0.9922 - 0.9902 - 0.9880 - 
0.0302 0.9973 126.377 0.9957 126.487 0.9939 126.614 0.9919 126.735 0.9897 126.905 
0.0606 0.9990 126.422 0.9974 126.534 0.9956 126.660 0.9936 126.800 0.9914 126.954 
0.0913 1.0007 126.454 0.9991 126.566 0.9973 126.693 0.9953 126.855 0.9931 126.988 
0.1224 1.0024 126.545 1.0008 126.657 0.9990 126.754 0.9970 126.925 0.9948 127.080 
0.1536 1,0041 126.582 1.0025 126.920 1.0007 126.787 0.9987 126.974 0.9964 127.135 
t.-Lysine Monohydrochloride in I mol•kg ' Aqueous Na(CII;COO) 
0.0000 1.0329 - 1.0318 - 1.0293 - 1.0275 - 1.0254 - 
0.0291 1.0344 128.100 1.0333 128.240 1.0308 128.609 1.0289 128.847 1.0269 129.150 
0.0584 1.0358 128.370 1.0347 128.555 1.0322 128.751 1.0304 129.022 1.0283 129.380 
0.0980 1.0373 128.557 1.0362 128.857 1.0337 128.946 1.0319 129.130 1.0298 129.700 
0.1181 1.0388 128.787 1.0377 129.034 1.0352 129.069 1.0344 129.252 1.0313 129.865 
0.1480 1.0402 129.170 1.0391 129.420 1.0367 129.327 1.0349 129.420 1.0327 130.070 
t.-Lysine Monohydrochloridc in 1 mol • kg-' Aqueous K(CII3COO) 
0.0000 1.0397 - 1.0381 - 1.0361 - 1.0335 - 1.0320 - 
0.0289 1.0411 130.470 1.0395 130.600 1.0375 130.983 1.0349 131.240 1.0334 131.500 
0.0580 1.0424 130.824 1.0408 131.118 1.0388 131.284 1.0362 131.750 1.0347 131.760 
0.0879 1.0428 131.006 1.0422 131.460 1.0402 131.521 1.0376 132.000 1.0361 131.973 
0.1173 1.0452 131.205 1.0436 131.738 1.0416 131.908 1.0390 132.128 1.0375 132.170 
0.1470 1.0465 131.635 1.04.19 132.150 1.0429 132.005 1.0403 132.549 1.0388 132.500 
t.-Lysine Monohydrochloride in I mot-kg"' Aqueous Ca(Cli)COO)2 
0.0000 1.0751 - 1.0732 - 1.0716 - 1.0693 - 1.0671 
0.0281 1.0760 141.880 1.0741 141.950 1.0725 142.435 1.0702 142.760 1.0680 142.910 
0.0564 1.0768 142.196 1.0749 142.370 1.0733 142.569 1.0710 142.816 1.0688 143.209 
0.0850 1.0777 142.361 1.0758 142.564 1.0742 142.736 1.0719 142.983 1.0697 143.325 
0.1(41 1.0786 142.656 1.0767 142.706 1.0751 142.878 1.0728 143.204 1.0706 143 320 
0.1429 1.0794 142.791 1.0776 143.000 1.0760 143.045 1.0736 143.300 1.0714 143.640 
L-Arginine in Aqueous Solution 
0.0000 0.9956 - 0.9940 - 0.9922 - 0.9902 - 0.9880 - 
0.0302 0.9971 123.980 0.9955 124.110 0.9937 124.490 0.9917 124.600 0.9895 124.720 
0.0607 0.9986 124.732 0.9970 124.800 0.9952 124.980 0.9932 125.138 0.9910 124.304 
0.0914 1.0001 124.735 0.9985 125.000 0.9967 125.290 0.9947 125.440 0.9925 125.620 
0.1220 1.0015 125.560 0.9999 125.560 0.9981 125.698 0.9961 125.851 0.9939 126.020 
0.1533 1.0030 126.005 1.0014 126.129 0.9996 126.269 0.9976 126.425 0.9954 126.597 
t.-Arginioc in 1 utol•kg ' Aqueous Na(C113C00) 
0.0000 1.0329 - 1.0318 - 1.0293 - 1.0275 - 1.0254 - 
0.0291 1.0342 125.973 1.0331 126.500 1.0306 126.914 1.0288 127.062 1.0267 127235 
0.0585 1.0355 126.352 1.0344 126.710 1.0319 126.970 1.0301 127.118 1.0279 127.455 
0.0882 1.0368 126.513 1.0357 126.817 1.0332 127.023 1.0314 127.172 1.0292 127.563 
0.1179 1.0381 126.673 1.0369 126.924 1.0344 127.131 1.0326 127.280 1.0305 127.699 
0.1478 1.0393 126.954 1.0382 127.045 1.0357 127.252 1.0339 127.402 1.0318 127.903 
L-Arginine in 1 mol•kg -' Aqueous K(CII3COO) 
0.0000 1.0397 - 1.0381 - 1.0361 - 1.0335 - 1.0320 - 
0.0289 1.0409 128.987 1,0393 129.120 1.0373 129.310 1.0347 129.550 1.0331 129.800 
0.0581 1.0420 129.357 1.0404 129.497 1.0384 129.673 1.0358 129.741 1.0343 129.873 
0.0874 1.0432 129.530 1.0415 129.777 1.0396 129.848 1.0370 130.079 1.0355 130.212 
0.1171 1.0444 129.831 1.0428 129.973 1.0408 130.151 1.0382 130.383 1.0367 130.517 
0.1471 1.0454 130.026 1.0438 130.489 1.0419 130.669 1.0393 130.710 1.0385 130.680 
L-Arginine in I mol•kg -' Aqueous Ca(C113C00)2 
0.0000 1.0751 - 1.0732 - 1.0716 - 1.0693 - 1.0671 - 
0.0281 1.0760 134.209 1.0741 134.209 1.0725 134.556 1.0702 134.785 1.0680 135.052 
0.0565 1.0768 134.551 1.0749 134.640 1.0733 134.901 1.0710 135.132 1.0688 135.353 
0.0852 1.0777 134.789 1.0758 134.082 1.0742 135.347 1.0719 135.579 1.0697 135.803 
0.1139 1.0786 135.290 1.0766 135.352 1.0750 135.746 1.0727 135.980 1.0705 136.205 
0.1428 1.0793 136.050 1.0775 136.600 1.0758 135.900 1.0735 136.360 1.0713 136.878 
t.-Ilistidinc in Aqueous So!ution 
0.0000 0.9956 - 0.9940 - 0.9922 - 0.9902 - 0.9880 - 
0.0303 0.9973 99.073 0.9957 99.142 0.9939 99.218 0.9919 99.303 0.9897 99390 
0.0606 0.9989 99.630 0.9973 99.760 0.9955 99.800 0.9935 99.840 0.9913 99.980 
0.0913 1.0006 100.093 0.9990 100.165 0.9972 100.245 0.9952 100.335 0.9930 100.433 
0.1221 1.0022 100.645 1.0006 100.719 0.9988 100.802 0.9968 100.893 0.9946 100.994 
0.1526 1.0038 100.804 1.0022 100.878 1.0004 100.961 0.9984 101.054 0.9962 101.156 
t: Ilistidine in 1 mot-kg-' Aqueous Na(CII3COO) 
0.0000 1.0329 - 1.0318 - 1.0293 - 1.0275 - 1.0254 - 
0.0291 1.0343 103.488 1.0333 104.50) 1.0307 105.190 1.0289 105.800 1.0267 106.640 
0.0585 1.0357 103.640 1.0346 104.950 1.0321 105.279 1.0302 105.897 1.0281 106.735 
0.0879 1.0372 103.829 1.0359 105.150 1.0334 105.537 (.0316 106.002 1.0294 106.850 
0.1176 1.0386 (03.972 1.0373 105.410 1.0348 105.790 1.0330 106.060 1.0308 106.982 
0.1474 1.0400 104.054 1.0387 105.740 1.0361 105.920 1.0343 106.180 1.0321 107.080 
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Table 1. Continued 
TIK = 303.15 	 TIK = 308.15 	 TIK = 313.15 	 T/K = 318.15 	 TIK = 323.15 
in p VQ, p V, p V4, p Vy p V4. 
mol kg ' g•cm 3 cm3•mo1- ' g•cm'3 cm3•mo1- ' g•cm-3 cm3•mol-' g•cm'3 cm'•mol- ' g•cm-3 cm~•mol-' 
L-Histidine in I. mol-kg-' Aqueous K(CH3COO) 
0.0000 1.0397 - 1.0381 - 1.0361 - 1.0335 - 1.0320 - 
0.0289 1.0410 106.300 1.0394 107.170 1.0374 107.716 1.0348 108.333 1.0332 109.210 
0.0580 1.0423 107.100 1.0407 107.500 1.0386 108.047 1.0360 108.490 1.0345 109.432 
0.0875 1.0435 107.560 1.0419 107.914 1.0399 108.363 1.0373 108.590 1.0358 109.682 
0.1168 1.0448 108.071 1.0432 108.254 1.0412 108.544 1.0386 108.682 1.0371 109.795 
0.1463 1.0460 108.470 1.0444 108.525 1.0424 108.720 1.0398 108.760 1.0383 109.925 
t.-Histidine in l mol•kg-' Aqueous Ca(CH3COO)2 
0.0000 1.0751 - 1.0732 - 1.0716 - 1.0693 - 1.0671 - 
0.0280 1.0758 121.700 1.0739 122.550 1.0723 123.340 1.0699 123.942 1.0678 124.789 
0.0563 1.0765 122.420 1.0746 122.826 1.0730 123.600 1.0706 124.054 1.0685 124.840 
0.0850 1.0772 122.706 1.0753 122.885 1.0737 123.720 1.0713 124.148 1.0691 124.930 
0.1132 1.0778 12 .989 1.0759 123.013 1.0743 123.970 1.0719 124.189 1.0698 125.000 
0.1415 1.0785 123.320 1.0766 123.324 1.0750 124.230 1.0726 124.298 1.0705 125.101 
Table 2. Parted Molar Volume ('1cm'•mol'') and Standard Transfer Molar Volume (AVJ/crm"mol') of t,-Lysine Monohydrochloride, 
t.-Arglnlne, and t.-Histidine in Water and in Aqueous Solution of SA, PA, and CA Salts As a Function of Concentration (mol' kg ') at T = 
(303.15 to 323.15) K 
T/K = 303.15 	 T/K = 308.15 	 T/K = 313,15 	 T/K = 318.15 	 T/K = 323. I5 
m 	w; 	AV. 	wi 	AV, 	w= 	IV,, 	w= 	AV, 	V 2 	AV, 
mo1•kg-' cm3•moI- ' cm3•mo1- cm'•mol-' cm'•mol-' cm'•mol-' cm3 •mol- ' cm'•mol- ' c&•mol-' cm3 •mol- ' cm3.mol- ' 
L-Lysine Monohydrochloride 
Aqs 125.53 - 	125.61 - 	126.04 	- 126.31 - 	126.52 	- 
SA 127.84 2.31 127.97 2.36 	128.42 2.38 128.70 2.39 	128.94 2.42 
PA 130.22 4.69 	130.31 4.70 	130.75 	4.71 131.03 4.72 	131.25 	4.73 
CA 141.70 16.17 141.81 16.21 142.28 16.24 142.58 16.27 142.80 16.28 
L-Arginine 
Aqs 123.82 - 124.05 - 14.16 - 124.25 - 124.33 - 
SA 125.74 1.92 125.98 1.93 126.29 2.13 126.44 2.19 126.65 2.32 
PA 128.47 4.65 128.74 4.69 129.11 4.95 129.31 5.06 129.65 5.32 
CA 133.66 9.84 133.92 9.87 134.24 10.08 134.38 10.13 134.52 10.21 
L-Histidine 
Aqs 98.78 - 99.67 - 100.35 - 101.06 - 101.86 - 
SA 103.36 4.58 104.27 4.60 104.96 4.61 105.71 4.65 106.52 4.66 
PA 105.92 7.14 106.84 7.17 107.53 7.18 108.26 7.20 109.07 7.21 
CA 121.49 22.71 122.40 22.73 123.13 22.78 123.87 22.81 124.70 22.83 
silicate glass) having a bulb capacity ^-9 cm3. The capillary, 
with graduated marks, had a uniform bore and was closed by a 
well-fitted glass cap. The marks on the capillary were calibrated 
by using triply distilled water at different temperatures. The 
thermostated paraffin bath (JULABO, model-MD Germany) 
used for measurements of densities was maintained at a desired 
temperature (± 0.02 K) for about 30 min prior to recording of 
readings at each temperature of study. 
The uncertainty in measurement of density values was 
ascertained by comparing the experimental values with corre-
sponding literature values at different temperatures for water. 
The experimental values of the density of water were found to 
"e (0.9972, 0.9941, 0.9903, and 0.9879) g•cm-3 at (298.15, 
08.15, 318.15. and 323.15) K. respectively, whereas the 
orresponding literature values30 are (0.997045. 0.994032, 
1.990213, and 0.988036) g•cm -3. The uncertainties in the 
tensity and molal concentration values have been found to be 
Within 0.02.10-3 g•cm 3 and 1.0.10-1 mol•kg-1. respectively. 
results and Discussion 
The density (p) of amino acids in water and in aq" ous 
.utions of sodium acetate (SA), potassium acetate (PA), and 
cium acetate (CA) at (303.15, 308.15, 313.15, 318.15, and 
1.15) K (given in Table 1) are used to calculate apparent molar 
time (V,), apparent molar volume at infinite dilution (V'2) 
hich has the same meaning as the standard partial molar 
volume), and transfer volume (AV,) with the help of the 
following equations, respectively 
Vo = (MAP) - [103(p - P0)/(mPP0)1 	(1) 
Vt,= V 2 +Sin 	 (2) 
AV,r = V°2 (in solutions) - V°, (in water) 	(3) 
where M and m are the molar mass of solute and molality 
(mol•kg-') of the amino acids, respectively; p and po are the 
densities of solution (amino acids + solvent) and the solvent 
(water + sodium acetate or potassium acetate or calcium acetate 
or water), respectively; V°2 is the apparent molar volume at 
infinite dilution; and S„ is the experimental slope. The values 
of apparent molar volume are mentioned in Table 1, while the 
standard partial molar volume and standard transfer volume 
values are summarized in Table 2. 
The V2 values of i.-lysine monohydrochloride in aqueous 
solution at 318.15 K have been found to be 126.43 (± 0.03) 
m3•mol-' (shown in Table 2), with a literature value" of 126.35 
(± 0.01) m3•mol- '. The V°2 values of L-arginine in aqueous 
solution at 298.15 K have been found to be 123.92 (f 0.02) 
m3•mol-', and literature values"_32_33 are 123.72 (t 0.10), 
123.70 (± 0.10), and 127.34 (± 0.12) m3 •mol-'. In L-histidine, 
V"2 values of aqueous solution at 308.15 K have been found to 
be 99.67 (± 0.04) m3•mol-', and reported values in the 
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literatures' are 100.07 (± 0.03) m3 mol-'. To the best of our 
knowledge, this is the first report on volumetric data for these 
amino acids in aqueous organic salt solutions. 
It is important to mention here that sodium acetate, potassium 
acetate, and calcium acetate are salts of weak acids and strong 
bases and undergo hydrolysis to give basic solutions. The density 
values of aqueous solution of I mol•kg-' SA were found to be 
(1.03449, 1.03186, and 1.02752) x 10-' kg•m-3, while 
literature's values are (1.03475, 1.03156, and 1.02723) x 10-3  
kg•m-3. For PA densities at 1 mol•kg-', (1.04099, 1.03815, 
and 1.0335) x 10-3 kg•m-' were found, while literature values 
are (1.04151, 1.03802, and 1.03389) x 10-3 kg•m-3 at (298.15, 
308.15, and 318.15) K, respectively. The V'2 values for the 
studied amino acids increase with increase in cosolute concen-
trations and temperature (plots as Supporting Information). From 
a comparison of the V°2 values for the studied amino acids in 
sodium acetate, potassium acetate, and calcium acetate solutions, 
it is found that these values increase in the order of SA < PA< 
CA for all the amino acids studied. Presently observed V°2 values 
are also higher with various cosolutes in comparison to its values 
in water. It is interesting that the increases in V°z values of 
L-lysine monohydrochloride and t.-arginine in the presence of 
SA and PA are very small as compared with CA. The V°;  value 
increases are almost linear with concentration. 
The cosphere overlap model" can be utilized to rationalize 
the AV a values in terms of solute—cosolute interactions. The 
overlap of cosolute ions and amino acids comes into play 
because of interactions between: (i) the ( — NH3', COO-) 
charged ends of amino acids and ions of the cosolute (SA, PA, 
or CA); (ii) the hydrophobic parts of the amino acids and 
cosolute ions and the charged ends/hydrophilic parts of amino 
acids and the hydrophobic parts of the cosolutes; and (iii) the 
hydrophobic parts of the amino acids and hydrophobic parts of 
ions of cosolutes. 
Ion—ion interactions result in positive AVu values, whereas 
ion—hydrophobic and hydrophobic—hydrophobic group interac- 
tions result in negative AVa values according to the cosphere 
model." The present study observed higher V"2 values for amino 
acids in various cosolutes as compared with their values in water, 
which suggests that ion—ion interactions dominate the ion— 
hydrophobic and hydrophobic —hydrophobic interactions. A 
similar kind of result has also been observed by several 
workers2t-23 with the other salts. The large increase in V°2 
values observed for basic amino acids, as compared to amino 
acids with a nonpolar side chain in the presence of cosolutes, 
can be attributed to the combined effect of the (—N113`, 
—COO-) groups of amino acids, and the polar side chains are 
present in basic amino acids. The overall results observed in 
this work can be thought of as predominant interaction contribu- 
tions of types (i) and (ii) relative to (iii). This conclusion 
supports our results of the standard partial molar volumes. The 
transfer parameter. AV, for the amino acids studied here showed 
that the dehydration effect of Cat is more than Na' and K+ 
ions. The stabilization effect of cations on the proteins also 
appears in the same order as in the Hofmeister series reported 
earlier.'" 
Conclusions 
In the present work, the partial molar volumes, apoarent molar 
volume, and transfer volume of some acidic amino acids in 
aqueous solutions of sodium acetate, potassium acetate, and 
calcium acetate were obtained by density measurements at 
(303.15, 308.15, 313.15, 318.15, and 323.15) K. Higher V°2 
values observed for amino acids in the studied cosolutes suggest  
that ion charged group interactions dominate over ion—nonpolar 
group interactions in all of the cosolutes. t: Lysine monohydrate 
interacts more strongly in these cosolute solutions as compared 
to L-histidine and L-arginine. The reported value shows that the 
dehydration effect of Cal+ is more than that of Na + and K+ on 
these amino acids. 
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